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THE FIRST CONFERENCE OF USERS OF
THE MAGIC AND SAM-C PROGRAMS

1. INTRODUCTION AND PURPOSE

This report presents the proceedings of the first large-scale
conference of the users of the MAGIC and SAM-C computer programs. The
conference convened at 0915 on August 6, 1969, in Building 328 at
Aberdeen Proving Ground, Maryland. Early in the afternoon of the 7th
the conferees divided themselves into two groups: those interested in
the MAGIC code and those interested in the SAM-C. The conference closed
shortly after noon on Friday the 8th.

The following sections contain abridged versions of the an-
nouncement letter and of the opening address.

1.1 Copy of Conference Announcement (Abridged).

"AMXRD-AWF

"SUBJECT: Conference for Users of the MAGIC/SAM-C Computer Programs

"1. References:

a. The MAGIC SAM-C Target Analysis Technique, AMSAA Technical
Reports 4, 10, 11, 13, and 14.

b. A Geometric Description Technique Suitable for Computer
Analysis of Both the Nuclear and Conventional Vulnerability of Armored
Military Vehicles, MIAGI-6701 (AD 847576).

c. UNC-SAM-2: A FORTRAN Monte Carlo Program Treating Time-
Dependent Neutron and Photon Transport Through Matter, UNC-5157
(AD 647470).

"2. The SAM-C Monte Carlo radiation transport program and the MAGIC
conventional projectile ray-tracing program were developed by MAGI
(Mathematical Applications Group, Inc) under Contract No. DAADOS-67-C-
0041 for this agency (ref. a). MAGIC is the computer code that assem-
bles data along selected rays through a target by employing the MAGI
originated Combinatorial Geometry technique (ref. b) which utilizes
combinations of certain basic solids such as boxes, wedges, etc., to
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describe the target. SI-C is the UNC-SAM-2 Monte Carlo nuclear radia-
tion transport code (ref. c) with the original geometry routines re-
placed by those of the Combinatorial Geometry technique. These programs
have been disseminated to a number of interested government agencies
for their use and will be made available to others upon request.

"3. Recent activity with MAGIC has resulted in several advances includ-
ing the addition of new "library" solids, additional input checking, and
faster input processing. These advances are clearly applicable to SAM-C
as well and are thus of general interest to both groups. On the other
hand, recent activity with SAM-C indicates that the flux-at-a-point
routine is incorrectly coded, versions for different computing systems
have non-trivial differences in logic/organization, and the computa-tional procedure for carrying out a complete set of calculations is

unacceptably complicated.

"4. As a result of the many questions, comments, and suggestions from
the personnel involved in using SAM-C/MAGIC, it is clear that everyone
involved can benefit from an informal discussion of problem areas and
a concerted attack on areas of mutual interest. It is the purpose of
this letter to announce an informal, unclassified conference to define
and solve problems in the MAGIC and SAM-C computer codes developed under
the auspices of this agency.

"S. It is envisioned that the conference will begin on 6 August 1969 at
0900 hours in the Conference Room of ARDC Building 328 under the chair-
manship of Mr. R. A. Marking of AMSAA. At this writing it is envisioned
that 2 days will be required with a third day allotted only to provide
a buffer period.

"6. The first day will be devoted to introductory, informal discussions
of individual problems, solutions, and changes to the various codes plus
presentations (on iMAGIC by Mr. Larry Bain, Methodology Office, AMSAA,
and on SAM-C by Dr. Wayne Coleman, Nuclear Physics Branch, NEL) of
information gathered too late for inclusion into the reports of reference
a. The item, "Introduction of Participants," is envisioned as an oppor-
cunity for each participant to identify which program(s) his agency is
using, what problems have been encountered, any solutions that have been
created, and what specific problem areas he would like to see addressed
during the conference period. About 20 minutes will be allotted for
each individual.

"7. The second day is planned for the creation of ad hoc working groups
to achieve solutions of the problems defined on the first day. An addi-
tional day is scheduled to allow an orderly conclusion of the working
group projects and the conference as a whole if necessary; the form and
content of a conference report will be decided on the last day.

8



"8. Two items have been of special interest to all those contacted thus
far: (1) the establishment of FORTRAN source decks for MAGIC and SAI-C
that are not subject to the vagaries of day-to-day changes and are avail-
able to be copied by new user agencies or in the event that serious prob-
lems develop with an existing source deck; and (2) the creation of

"benchmark" test problems that will provide valid tests of all features/
options operational using the "archival" or "library" source deck. It
is expected that these two items can be introduced in the afternoon of
the first day of the conference.

"9. Participation in the conference is encouraged to promote the utility
of the SAN-C and MAGIC programs. Representation from your organization

is invited. The distribution list is not considered exhaustive and in-
terested personnel within government may be invited to attend by con-
tacting Mr. Marking. Participants are encouraged to bring listings of
the current working versions of their program(s).

"10. It is intended that the meeting will result in documented improve-
ments in the SAM-C and MAGIC source programs and/or implementation pro-
cedures. This documentation is expected to be in the form of a letter

or technical note and copies will be sent to all participants.

"I1. The desirability of scheduling similar meetings at regular inter-
vals will be discussed as a means of maintaining lines of communications
between MAGIC-SAM-C users."

12. (Administrative)

13. (Administrative)

FOR THE DIRECTOR:

/s/ Morgan G. Smith
MORGAN G. SMITH
Chief, Ground Warfare Division

I Incl
as
(CF)

1'9



PROPOSED CONFERENCE AGENDA

DAY 1

"Introduction and Purpose

Introduction of Participants

Recent AMSAA Activity with MAGIC

Recent NEL Activity with SAM-C

Definition of MAGIC and S'M\-C Capabilities and

Creation of Approp-iate Source Decks

Creation of Benchmark Problems

DAY 2

Conclusion of the Creation of Archival Source

Decks and Benchmark Problems

Formation of Sub-groups to Solve the Problems
Defined on Day 1

Discussion and Drafting of Documentation

Consideration of Future Meetings

DAY 3 (If Necessary)

Conclusion of Unfinished Businessi

Incl I to ltr
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1.2 Opening Address,

"Welcome to the 1st Conference of Users of the MAGIC and SAM-C
Programs.

"As stated in the Lonferii,,e letter-announcement, this is to
be an informal, unclassified conference of the users of the khGIC and/or
SAM-C computer programs (as well as any of the peripheral programs that
might be of mutual interest).

"The purpose of this conference is three-fold:

0 to find out where we stand with respect to the actual
operation of both SAI-C and MAGIC

- who is ubing what

- on what machines are the codes operating

- what changes of substance (e.g., packing into 36-bit v.
48-bit words) have been made

- what kinds of problem areas are being considered (e.g.,
deep penetration as opposed to close-in transport prob-
lems, penetrator fragmentation, x-ray or thermal neutron
problems, etc.)

- what sort of functional and/or theoretical problems are
being encountered in operating these codes (e.g., func-
tional identifiers of "0", incorrect evaluation of the
uncollided flux, improper coding of SAI-C for inelastic
scattering, etc.)

* to define what SAIM-C and MAGIC should be capable of

- there are a number of versions of SAIM-C several of which
are different enough to require separate operating
manuals

- changes have significantly increased the speed of MAGIC
thus making here-to-fore impractical applications worth
considering

- should SAM-C be modified along the lines of UNC-SAIM-3

(ENDF/B cross-sections and a non-common energy mesh)

- should IAGIC calculate vulnerable areas

- should the geometry processing routines (e.g., GENI,
RPPIN, ALBERT, etc.) be called MAGIC and the "driving"
or controlling routines such as VOLU.I and GRID be
handled as separate "packages"

- should MAGIC employ packing and what effect would its
absence have on SAI-C

11



0 to create benchmark problems

- compatibility of geometric input between MAGIC and SMIt-C

- should they be mathematical tests of all the options or
: tests of physical acceptability of some combination of
~~both ...."

2. INTRODUCTION OF PARTICIPANTS

At the beginning of the Conference the individual participants
indicated (1) which program they were using, (2) on which computers was
it routinely used (or intended to be used), (3) what were the nature
and complexity of the problems treated, (4) what program innovations
had been made, and (5) what problems or errors had been encountered.
Additionally, it was requested that participants indicate specific
program problems to discuss during tihe Conference.

To accomplish these introductions in an orderly manner, a
form covering all of the obvious points of interest was used. Since
some of the agencies were represented by more than one person, represent-
atives from the same group using the same program caucused to present a
unified picture of their work and problems.

The participants' introductions follow the list of agencies;
they are in alphabetical order.

List of Agencies Represented

Aeronautical Systems Division
(Wright- Patterson)

Air Force Armament Laboratory
(Eglin)

Air Force Weapons Laboratory
(Kirtland)

Ground Warfare Division (ANISAA)
(Aberdeen)

Methodology Office (AMSAA)
(Aberdeen)

Naval Weapons Laboratory*
(Dahlgren)

Nuclear Effects Laboratory (BRL)*

(Edgewood)

No Participant Introduction Form available.
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List of Agencies Represented (Cont'd)

SMUPA- D16 *
(Picatinny)

SMIUPA-SS
(Picatinny)

SMUPA-TW3
(Picatinny)

SMUPA-VC1
(Picatinny)

RSIC (OR1NIL)
(Oak Ridge)

SignatUre & Propagation Laboratory**
(Aberdeen)

Terminal Ballistics Laboratory (BRL)
(Aberdeen)

Vulnerability Laboratory (BRL)
(Aberdeen)

No Participant Introduction Form available.

Observer only, no Participant Introduction Form included.
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PARTICIPANT INTRODUCTION FORM

[ Agency: USAF, ASD (ASBRS), WPAFB, Ohio 45433

Name(s) of Representative(s): Gerald Bennett (ASBRS)
Roy lii lbrand (ASVCP)

Program Used: MAGIC

Purpose: To provide target descriptions for use in aircraft vulnera-
bility analyses.

Computer(s) Used: Name IBM Direct Coupled 7044/7094 Word Size 36 bits

Memory Size: Total 32768 Available Unk

Tape Drives: No. 16 No. of Channels 4 1401-Compatible? Yes

Program Requirements: Storage 28K Packed Word Size 35 bits

Tape Drives 2 Links? Yes, 1

Dependence on Assembly Language None

Planned Program Usage: To generate target description for aircraft
vulnerable area computation.

Planned Program Changes: Addition of plotting, presented area, and
volume subroutines; modifications as required to generate and store
data for efficient processing in vulnerable area computation program;
further simplifications, as possible, to input descriptive data.

Program Innovations: The use of any body as a target volume subdivision
(i.e., as an RPP); the streamlining of MAGIC by stripping out about 16
of the subroutines and recoding of others; restructuring of the Master-
Aster array (M-A) deleting some items from the M-A array; recoding and
repacking for 36 bit words, viz., 35 bits and one sign bit; changed
grid cell generation; changed printout; allowing the attack plane to
be outside of fhe enclosing volume; and disposal of random number
generator requirement.

Program Problems/Errors: Core storage (too large); complexity in
preparation of data. (Various program errors have been corrected and
the corrected listings have been forwarded to AMSAA.)

Program Changes of Immediate Interest: Addition of an airfoil shape to
the solid library; a more extensive ARB of perhaps 10 to 12 sides;
introduction of "canned" standard aircraft component descriptions
(e.g., a pilot).

14
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PARTICIPANT INTRODUCTION FORM\

Agency: Air Force Armament Laboratory

Name(s) of Representative(s): Sue Gibson

Program Used: MAGIC

Purpose: To be used with a vulnerable area program to produce vulner-
able area program to produce vulnerable areas of foreign targets.

Computer(s) Used: Name CDC 6600 Word Size 60 bits

Memory Size: Total 100,000 Available 32,000

Tape Drives: No. 16 No. of Clannels Unk 1401-Compatible? No

Program Requirements: Storage 32,000 Packed Word Size 36 bits

Tape Drives 7 Links? Yes, 4

Dependence on Assembly Language None

Planned Program Usage: Describe foreign air and ground targets in terms
of line of sight data.

Planned Program Changes: Complete conversion from IBM 7094 to CDC 6600.
Omit TESTG and other unnecessary subroutines to allow room for addition
of new figure subroutines.

Program Innovations: Point Burst subroutine has been added and is being
checked.

Program Problems/Errors: Lack of storage due to amount of storage
allowed to each user, not to the total amount of storage in the CDC
6600.

Program Changes of Immediate Interest: Addition of new figures and
reduction of amount of storage required.

Fi
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PARTICIPANT INTRODUCTION FORM

Agency: AFWL, Kirtland AFB, New Mexico 87117

Name(s) of Representative(s): Michael J. Paul - AFWL (1LRAS)
A. Kris Widdison - AFWL (WLCP-Nl)

Program Used: SAM-C

Purpose: Both deep-penetration (in air) and close-in transport
(concrete) problems, primarily neutrons, but including prompt and
secondary gammas.

Computer(s) Used: Name CDC 6600 Word Size 60 bits

Memory Si:e: Total 300K (w/o extended core) Available IM8
(w/extended core) .325K8 (w/o extended core)

Tape Drives: No. 10 No. of Channels 9 1401-Compatible? Unk

Pro ram Requirements: Storage generally 120K Packed Word Size 45 or

Tape Drives 1-3 Links? None 60 bits

Dependence on Assembly Language some, but easily
changed

Planned Program Usage: Hard-rock silo configurations and state-of-art
neutron and gamma transport problems.

Planned Program Changes: Complete revision of input to be more tuder-
standable and logical and easier to punch. Combined time-energy-angular
dependent source input (allowing input of flux from a preliminary dis-
crete ordinates code).

Program Innovations: Free-form reading routine (eliminates need for
formatting input). Cut down flux printing by 50% by eliminating ex-
traneous lines A AE). Eliminate need to change NXS = .... and
NDQ.... cards (e.., add a parameter, say ENDM, to end of master array
(CO,\DION DUM (250), MASTER (30000), ENDM), then NDQ = LOCF (ENDl) -

LOCF (Master)).

Program Problems/Errors: None.

Program Changes of Immediate Interest: ENDF/B cross sections, inelastic
scattering improvements; graphic geometry display; better geometry
checking.

16



PARTICIPANT INTRODUCTION FORM

Agency: AMSAA, Ground Warfare Division (GWD); Methodology Office (MO)
Aberdeen Proving Ground, Maryland 21005

Name(s) of Representative(s): L. Bain (MO)

R. Lake (GWD)
J. Brewer (GWD)

Program Used: MAGIC

Purpose: Conventional vulnerability by 4" cells and/or areas for
combat vehicles and aircraft.

Computer(s) Used: Name BRLESC I & II Word Size 68 bits

Memory Size: Total 96K Available 48K

Tape Drives: No. 8 No. of Channels 4 1401-Compatible? Yes

Program Requirements: Storage 48 Packed Word Size 30

Tape Drives 4 Links? No

Dependence on Assembly Language Yes but easily
avoided

Planned Program Usage: Conventional vulnerability of combat vehicles and
aircraft (both rotary and fixed wing types).

Planned Program Changes:

1) Thirty bit packing for triplets and scalars.

2) Shielded areas.

Program Innovations: Rewrite program flow to minimize presence of

unnecessary steps, extraneous comments, and blank cards.

Program Problems/Errors: None.

Program Changes of Immediate Interest: No genuinely pressing problems.
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PARTICIPANT INTRODUCTION FORM

Agency: Picatinny Arsenal, Dover, N. J.

Name(s) or Representative(s): Robert Kesselman - VC-1

John Saarmann - VC-1
Robert Barnas - SS
John Burgio - TW3

Program Used: SAM-C NEL Version

Purpose: To obtain running version on IBM 360 for radiation transport
and shielding calculations.

Computer(s) Used: Name IBM 360 Word Size 32/64 bits

Memozy Size: Total Unk Available 200K

Tape Drives: No. 8 No. of Channels 9 1401-Compatible? Yes

Program Requirements: Storage 200K Packed Word Size 64 bits

Tape Drives 3 Links? Unk

Dependence on Assembly Language one subroutine

Planned Program Usage: Transport and Shielding

Planned Program Changes: In January 1970 Picatinny Arsenal will start
using CDC 6500; therefore, the debugging effort on the conversion has
been suspended.

Program Innovations: (See comment above.)

Program Problems/Errors: (See comment above.)

Program Changes of Immediate Interest: (See comment above.)

18
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PARTICIPANT INTRODUCTION FORM

(Observer)

Agency: Radiation Shielding Information Center
Oak Ridge National Laboratory
P. O. Box X
Oak Ridge, Tennessee 37830

Name(s) of Representative(s): Robert W. Roussin

Program Used: SAM-C '

Purpose: For distribution to anyone who' wants the pr/ogram. (RSIC
operations are sponsored by the AEC, DASA, and NASA.)
We have the CDC 6600 version for distribution (but no 6600 at ORNL).

Cornuter(s) Used: Name Word Size " J ,

Memory Size: Available

Tape Drives: No. of Channels 1401-Compatible?'

Program Requirements: Storage Packed Word. Size
KTape Drives Links?

D2pendence on Assembly "Language

Planned Program Usage:

Planned Program Changes:

Program Innovations We are Interested in:

1) IBM 360 version.

2) Version with ENDF/B cross sections.

Program Problems/Errors:

Program Changes of Immediate Interest:

19
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PARTICIPANT INTRODUCTION FORM

Agency: BRL, Vulnerability Laboratory, Aberdeen Proving Ground, Md. 21005

Name(s) of Representative(s): M1. J. Reisinger

Program Used: MLAGIC

Purpose: Currently being used to debug target descriptions for
Electronics Command, Army Tank Automotive Command, Missile Command,
Munitions Command, Weapons Command, Nuclear Effects Laboratory, Test
& Evaluation Command and Falcon Research & Development.

Computer(s) Used: Name BRLESC Word Size 68 bits

Memory Size: Total 120K Available 80K

Tape Drives: No. 3 No. of Channels 7/9 1401-Compatible? Yes

Program Requirements: Storage 48 Packed Word Size 30

Tape Drives 4 Links? No

Dependence on Assembly Language Depends on version

Planned Program Usage:

1) "Graphic Program" being developed from NASA program by L. Bain
and M. J. Reisinger.

2) Recognition of heat projectile improper detonation from target
description.

3) Point burst program with emphasis on components.

Planned Program Changes: Generalized Ellipsoid (i.e., not restricted
to ellipsoids of revolution). Elimination of enter-leave table philos-
ophy in favor of a more direct approach which- is intended to reduce
tracking time.

Program Innovations: Graphics Package.

Program Problems/Errors: A more detailed description of targets than
done in the past (example, M6OAI with approximately 2500 bodi.es) is
rapidly approaching our computer system time and size limit: e 1300
body description is using 64K, will 2500 bodies use less than the
available 80K? Computer time on our system forces partial runs for
graphics (need about four hours, large memory). Summation: need better
computer.

20



Program Changes of Immediate Interest:

1) Development of support subroutines such as generalized compo-
nents (wheels, ammunition, engine, etc.) that require location,
orientation, and relative size that lead to computer generated
bodies (solids).

2) Development of programs that would construct the optimized
solid for a body from an input consisting of point data read
directly from engineering drawings.

21



3. RECENT ACTIVITY WITII MAGIC AND SAM-C

The three sections that follow consist of the material pre-
sented verbally at the conference plus one or two minor additions or
modifications.

3.1 Recent Activity with MAGIC at AMSAA. (Presentation by
Larry Bain)

The recent activity with MAGIC at AMSAA falls into one of two
categories: program changes or proposed plans. Each category is dis-
cussed separately.

3.1.1 Changes to MAGIC. This category is divided into three
subtopics:

* Additions.

e Modifications.

* Corrections.

a) Additions. Of primary interest, three new solids have been
added:

e TEC (Truncated Elliptic Cone).

i) Height vector does not need to be perpendicular to the
base ellipse.

ii) Specify (Table 3.1)

- V - vertex of base ellipse,

- H - height vector,,

- M - semimajor axis of base ellipse,

- m - semiminor axis of base ellipse, and

- R - ratio (base ellipse/top ellipse),

viz., R = (Rl/R3) = (R2/R4).

(The normal height vector is computed in GENI; n = M x m; it
is necessary to change the sign of n if H.n < 0.)

22
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* TOR (Torus)

Specify (Table 3.1)

- V - vertex,

- n - normal vector (normal to the plane bisecting the torus),

- R1 - radius from V to the mid-point of the torus' cross
section, and

- R2 - cross sectional radius (R1 > R2).

V

e
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9 ARS (Arbitrary Surface)

i) Specify M curves of N points (see Table 3.1).

ii) The number of words of memory is 92 + M*N*4.

iii) An ARS can be described in more than one way.

A2, E2 A3, E3

A] \,B2 A4

BI B4
CI CC4

D2 D3

Example (using the figure above).

One Approach (Solid Lines) Another Approach (Dashed Lines)

M=5 N=4 M=4 N=5

curve 1 pt Al, A2, A3, A4 curve 1 pt Al, B1, Cl, DI, El

curve 2 pt Bl, B2, B3, B4 curve 2 pt A2, B2, C2, D2, E2

curve 3 pt Cl, C2, C3, C4 curve 3 pt A3, B3, C3, D3, E3

curve 4 pt DI, D2, D3, D4 curve 4 pt A4, B4, C4, D4, E4

curve 5 pt El, E2, E3, E4

Figure closed by duplicate curve Figure closed by duplicate points

Note: pt Al = Bl = C1 = D1 = El pt A2 = E2

pt A4 = B4 = C4 = D4 = E4 pt A3 = E3

The addition of these new solids has required the addition of
auxiliary subroutines:

* QRTIC to solve 4th degree equation.

* CUBIC to aid QRTIC.
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* CROSS to compute vector cross products.

* DOT to compute dot products.

* UNIT to compute unit vectors.

o ARIN to process the ARS input.

Additional coding is also similarly required in subroutine
CALC to compute normals and in GENI, Gl, and WOWI.

Quite apart from the new solids, coding has been incorporated
in Geni to increase input checking as follows:

* Checks of vector perpendicularity in BOX, RAW, REC, and
TEC.

* Checks of TRC radii to ensure that RB J RT.

* Checks of TOR radii to ensure that RI is not less than R2
(v.s.).

Schematically, an option has been added to suppress tape 8
(the monitor output) output (except for error messages) when writing
tape 1.

Finally, two control subroutines have been created to assess
quantities other than line-of-sight thickness:

* AREA to compute presented areas (the ray is traced to its

first contact).

* MOMENT to compute moments of inertia (and as a by-product,
the center of gravity, total weight, total volume, mean
angle of incidence, and the mean cosine of incidence are
also computed).

b) Modifications. Seven modifications have been made:

* The ELL input has been optimized.

i) Present input (cc 7-10 = 0 on card I) is both foci plus
the length of the major axis.

ii) Optimal input (cc 7-10 # 0 on card 1) requires the
vertex, a vector representing the semimajor axis, and
the scalar length of the semiminor axis.

* Computer word packing has been converted from 45 bits/word
to 30 bits/word (it is estimated that 30 bit packing runs
about 30 percent faster on BRLSEC I and II).
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* The solid input section has been revised by eliminating
FLOCON and DIGCON and substituting the F-type format
specification.

o SENSESWITCH settings have been eliminated and their control
data read in on punch-cards.

* The data output coding in TRACK has been revised to elim-
inate SETUP and ISIGN by using I and F-type format
specifications.

* A version of MAGIC has been written in "standard" FORTRAN
(incidentally, this version runs slower on the BRLESCs than
any of the versions already mentioned).

* The control logic in the main program has been modified so
that VOLUM can be run without reading in the Identification
Table.

c) Corrections. Four major subroutines were found to have more or
less subtle errors:

* VOLUM faltered when GI tried to combine regions of the same
"item" code because VOLUM requires that each region be
processed separately; a special exit was added to GI to
correct this condition.

e TESTG suffered a similar fate but to a greater extent since
the item data was not loaded into core prior to the execu-
tion of TESTG; an additional special exit was added to Gl
to rectify this condition.

e GENI computes data for the normal vector to the base el-
lipse in the TEC but failed to ensure that the normal was
an inward rather than an outward normal; a check was added
so that if H.n is negative the direction of n is reversed.

& CALC was unable to correctly calculate normal thickness
through adjacent regions with the same item code (cf.,
VOLUM and TESTG); a modification to the existing exit in
G1 to compare the item code of the next region with the
item code of the previous region was made to allow con-
tinuing the normal ray.

3.1.2 Proposed Plans for MAGIC. Activity in four areas is
being carried on:

* Compatibility with SAM-C - let MAGIC do some of the geom-
etry processing for SAM-C.

* Eliminate part or all computer word packing.
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* Couple the target description ray tracing directly to out-
puts such as vulnerable area, kill probabilities, etc.

* Addition of a graphics capability via plotters, line-
printers, CRT displays, or all three.

3.1.3 Concluding Remarks. The actual changes required to
implement the three new solids are discussed in the MAGI report, A
Description of Three Additional Bodies for the MAGIC Conventional Vul-
nerability Program, by J. R. Davis and M. Moskowitz (MAGI report MR 6902,
May 1969). An abridged version of this report consisting of the main
portion of the text appears as Appendix B.

In any direct dealings with the coding of the MAGIC program,
a knowledge of the core storage layout, input data requirements, etc.,
is essential. Figures 3.1 through 3.4 supply the requisite data:

# Figure 3.1 is a map of the MASTER/ASTER array showing stor-
age for the processed geometry data. Both 45-bit and 30-
bit packing versions are shown. Variable names beginning
with L are the locations of each set of data in the MASTER/
ASTER array.

* Figure 3.2 concludes the map of the MASTER/ASTER array
showing storage of the identification table and the "working"
storage used at run time.

* Figure 3.3 is a map of the pointers to the location of the
solid data.

o Figure 3.4 is the map of the storage for the arbitrary sur-
face (ARS).

Finally, to appreciate the relationships between various rou-
tines, Figure 3.5 displays the many auxiliary routines of MAGIC and
their relationship to the main of "driver" routines.

3.1.4 Additional Information. In October, 1969, several runs
were made using the AMSAA "Revised Standard MAGIC" (Appendix D) on a
number of different computing systems. The geometry input ctasisted of
a description which we shall call the "December '68 Master Target."
This target is comprised of 701 solids and 904 regions; none of the three
new solids were used. About 5 man-months were required to create the
description. The following driver routines and their input were used:

GRID 00 Az 00 Elev 1015 cells

VOLUMI Head-on 1015 cells

AREA Head-on 4189 cells

TESTG ------ 2 rays
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[BODY POINTERS V TRIPLET
R -SCALAR

STORAGE (ALL PACKING BY 15 BITS)

4, SBIT 30BIT

BOX REC RAWi PACKING PACKING

V1 V2  j V3  :LV, V3 I
ILDATA + 2 . LDATA+2

SPH I

I V RADUS i RAUS I
LDATA + I LDATA + I

RCC ELL jVt" V2

Vt V2 IRADIU'RADIUS

LOATA + I LDATA +2

TRC TOR

___V __..... _ '" l E V . VLJ-- R g ' R 1 R p

LDAT.A+2 LDATA +2'

TEC Vt V?

V- V2  V3  'V3  V4

V4  RI R 2  R1  R S!
,_ ''RZ) R3

LDATA + 3 LDATA +4

ARB (I FOR EACH FACE)

I R R1 RI; Vt

LDATA +6 LDATA + 6

ARS I I OF 1L°oC O
START OF I START OF

ARS DATA ARS DATA

LDATA +I ,LDATA + I

Figure 3.3 Map of Pointers to Solid Data
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ARS 
STORAGE

POINTER - T TEMPORARY STORAGE

M CURVES

N # POINTS/CURVE
IGDTL GRID TOLERANCE

TOTAL STORAGE BIAS # OF NEGATIVE OR ZERO HITS

XB(X)
92 + 4 *N XB(y) STARTING POINT OF

XB(Z) CURRENT RAY

RESERVE 84 WORDS FOR HITS

Rest of STORAGE M Sets of N Points

Y POINT I
Z

K

CURVE I
x
Y

POINT 2
Z
Kx/
Y POINT I
Z

K)I

CURVE 2

Y POINT 2

K

Figure 3.4 Storage for the ARS
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Table 3.2 prestnts the results of the various computer runs.

TABLE 3.2 COMPUTER SYSTE TNIM REQUIREmmuS

System Location rime (in minutes) Ratio

BRLESC I AR)C, APG, Md 133 1

BRLESC II ARDC, APG, Md 55 .41

CDC 6600 New York Univ 15 .11

Using the on-line printing capability instead of "dumping"
onto tape for off-line tabulation.

3.2 Recent Activity with SAM.-C at NEL. (Presentation by Wayne
Coleman)

The recent activity with SAM-C at NEL falls into one of three
categories: recent calculations completed using SAMI-C, completed cor-
rections and improvements to the SAM-C code, and plans for the future.

3.2.1 Recent Calculations. This category is divided into
three subtopics:

* Calculation of the energy dependent gama flux at 3 feet
above an infinite Co-60 "fallout" field.

* Calculation of the energy dependent and total neutron
fluence at various positions within the Ralph J. Truex
(Tandem Van de Groaff) accelerator at the Nuclear Effects
Laboratory (Edgewood Arsenal).

9 Calculation of the energy dependent neutron fluence in an
environment simulating that used in Operation IIENRE.

a) Infinite Fallout. Although these calculations did not constitute
a comprehensive test of the geometric capabilities of SAM-C, very good
agreement with the known solution of this problem was obtained.

b) Accelerator. These calculations include the most complex geom-
etries that have been simulated to date at NEL and were included for
that reason. The physical results unfortunately cannot be compared di-
rectly to any results of experiments or any other calculations.
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c) HENRE. This problem demonstrates how, under certain restric-
tions, ad hoc changes can be made to produce results for source angular
distributions other than 47-isotropic or monodirectional. The results
compared favorably with unfolded flux spectra from experimental activa-

tion measurements when the SAM-C results were used as an "input guess
spectrum" in the unfolding calculations.

3.2.2 Corrections/Improvements. Corrections are indicated by
"C" while changes that are more in the category of improvements are in-
dicated by "CI." C/Cl's are by order of their appearance in the program.

a) Variable Dimensioning (CI). On machines that assign priority
based on memory requirements, adjustable sizes of blank common and
labeled common CROSA are an operational necessity. Variable dimension-
ing in SAM-C is accomplished by creating an artificial "main" program
in which dimensioning is accomplished.

b) SEEK (C). Change E = 1 to I = 1 in TUNC and MONTE.

c) SOUCAL (C). Set "KKMAX = K-1I' between FORTRAN statement num-
bers (S.N.) 780 and 925.

d) CARLO (C). The calculation of flux-at-a-point following an
inelastic collision is incorrect. See the August RSIC Newsletter
(No. 57) for details.

e) SOUPIC (C/CI). Volume source additions may be made by modifying
the coding shortly after FORTRAN S.N. 800.

f) ARB (C). T was inadvertently used as a variable name to repre-
sent time in a labeled common and temporary storage in the routine
(S.N. SO and 50 + I).

g) FA1 (CI). The coding for identifying point flux contributions
by region appears here.

h) FAP (C). To correctly calculate flux-at-a-point add CO,*ION/
LSU/LSURF.

i) GE (C). (1) The scattering problem look-up for neutrons was
referencing the wrong area of common for neutron anisotropic scattering;
cf., the RSIC version. (2) The third argument in the call to SEEK
(S.N. 185) should be 10 and not 11. (3) Format 106 ends incorrectly -
replace "10" with any desired E- or F-type format.

j) SUBED (C). Change "NRAIX" to "NDET" at S.N. 121.

k) SOUCAL (C). Change Format 402 (not all versions). (CI) finally
changes to compute statistics on the total flux or fluence for flux-at-
a-point would be desirable.

35



3.2.3 Improvements in Progress. Modifications to calculate
flux at a point as a function of angle or direction as well as energy
are well underway at NEL.

3.2.4 Planned Improvements. Neutron cross section represen-
tation is earmarked for extensive study. Key inputs or approaches to
this subject include UNC-SAM-3, an ENDF/B cross-section processor, and
a thorough examination of the representation of neutron elastic, angular
scattering distributions. Total, elastic, and non-elastic cross section
data are also expected to be involved.

3.3 Coordination of MAGIC and SAM-C.

Both MAGIC and SAM-C process card-image target description
data and store the results in the MASTER/ASTER array. Both can compute
volumes. If the conventional component/space code table has been cre-
ated, a trivial program (Program COMPAS) exists to convert this data
to a region/chemical composition assignment table. The following two
sections describe the changes required so that target descriptions can
be utilized by either MAGIC or SAM on a wide variety of computational
equipment with a minimum of difficulty. The goal, of course, is to per-
mit the creation of a library of target descriptions which can serve
two purposes: they can reduce duplication of effort and they can lend
insight into what a given agency considers an adequate degree of descrip-
tive detail.

3.3.1 Discussion. This category is divided into two subtopics:
a description of the proposed tape's contents and a discussion of how the
tape should be created.

a) Description of the Tape Contents. The first step is to identify
the data available for the library tape; these data are displayed in
Table 3.3.

TABLE 3.3 TARGET DESCRIPTION DATA AVAILABLE

MAGIC SAM-C

"Processed" (GENI) Target Output Data (MASTER-ASTER*)

Region Identification Table Composition Assignment Table

Volumes (Optional) Chemical Composition Definitions

Region Weights (Optional) "Processed" (BAND/BEDIT) Cross
Section Data (MASTER-ASTER)

Moment of Inertia (Optional) Volumes (ASTER)

Target Description Title

"Raw" (Card-Image) Target Description Solid & Region Data
*The SAM-C program stores these data in a location different friom that

used by MAGIC.
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TABLE 3.4 LIBRARY TAPE CONTENTS: PARTS 1 AND 2

"Block" 1. Identification (80AI)

Target Description Title

"Block" 2. Table of Contents

(1) Solid/Region Table Format (cc 1-5)

0 : GENI Input form

0 : GENI Output form

For (2) through (8), 0 means the category was not included while a non-

zero entry indicates that the data was included

(2) Region Identification Table (cc 6 - 10)

(3) Composition Assignment Table (cc 11 - 15)

(4) Volumes (cc 16 - 20)

(5) Chemical Composition Data (cc 21 - 25)

(6) Region Total Weights (cc 26 - 30)

(7) "Organized" Cross-Section Data (cc 31 - 35)

(8) Moment of Inertia Data (cc 36 - 40)

(9)-(10) (Spares) (cc 41 - 50)

cc 51-52 Unit Systems (Examples: IP for inches, pounds (& seconds),
CG for centimeters, grams, seconds, etc.)

cc 53 Coordinate System "Handedness" L = left, R = right

cc 54-80 Location of Geometric Origin with respect to the Reference
Origin (e.g., for "tanks" the reference origin is frequently
the intersection of the turret datum line and the vehicle
centerline) (3E9.2)
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The second step is to determine the data to be loaded and
in what order. Clearly, the target description title plus some type of
flagging to indicate the data categories available should appear near the
start of the tape to minimize the time spent in identifying the tape
contents. It is therefore proposed that the first tape "block" consist
of ten flag words as described in Table 3.4. Beyond these two points,
any data that describe the target are suitable for inclusion on the tape.

b) Approach. It was the consensus of the program users that, while
all library tapes should be in BCD format for transmittal, the basic tar-
gei description solid and region data should be in card-image rather than
in "processed" (GENI output) form; except for a few installations, the
computer time spent in reprocessing the "raw" data is negligible com-
pared with the time that would be used to convert the data into the form
required by those of a different installation. It was also agreed that
the raw data approach would place the least number of restrictions on
the internal operating procedures of any given MAGIC or SAM-C program
user.

3.3.2 Program Changes. Some coding changes of a very minor
nature will be required. The routines affected are:

a) MAGIC. The main program plus GENI, VOLUM, the moment of in-
ertia, and the vulnerable area routines will require modification.

b) SAM-C. TUNC, GENI, DR, and VOLUM are involved. In SAM-C,
VOLUM will generally only require an additional output statement.

4. DEFINITION OF MAGIC AND SAM-C; CREATION OF SOURCE DECKS

This provided the first opportunity of the conference for the
conferees to determine the course of action to be followed. The two
sections that follow present the consensus achieved by the conferees in
defining what the capabilities of the two programs should be and in
determining how these capabilities should be achieved.

4.1 MAGIC.

The following sections represent the major areas discussed at
the conference together with the results of these discussions.

4.1.1 Standard Version. A consensus was achieved in four
areas :

a) Input. The input to MAGIC will consist of

* RPP Data,

e Solid Description Data, and

* Region Description Data.
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b) Subprograms. The subprograms are characterized as "geometry
processing" (including some testing):

o GENT,

* ALBERT,

o RPPIN, and

* ARIN,

or "ray tracking" (but not in the sense of GRID which is considered a
"driver routine") :

o GI,

* WOIVI/RPP2,

o RPP/body routines + TOR, ARS & TEC, and

o Auxiliary body routines such as QRTIC, UNIT, etc.

c) Program Features.

o No packing.

o It should be possible to use an RPP to subdivide the target,
itseli.

o Drop TESTG.

, Drop FLOCON and DIGCON.

* Output tne processed geometry which should consist of titling
data, the geometry data, and the functional identificationtable.

d) Tests. It was agreed that TESTG as a random but supposedly
complete test of the description is inefficient and should be dropped;
in its place, a driver routine of interest - such as GRID - should be
used. Input testing was considered valid and at least the following
tests should be available:

* Legitimacy of solid names.

* Vector perpendicularity for boxes, RAW's, and the REC.

o Equal radii in the TRC.

o Region checking (on an optional basis).

# "4-points-in-a-plane" in the ARB.

o Degenerate plane in the ARB.
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* Proper ordering of RPP input.

* Proper structure creation by contiguous RPP's (since the
structure that would enclose all RPP's must be in the shape
of an RPP).

4.1.2 Ad Hoc Problems. Although there was not enough time
for the formal formation of working groups to solve ad hoc problems,
the following problems were defined for solution by any interested groups
or individuals.

" The creation of a technique for the arbitrary designation
of solids to have the special characteristics currently
displayed by the RPP.

" The identification of methodological differences in the
routines that form MAGIC between versions held by the sev-
eral agencies using MAGIC.

" The establishment of a methodology for creating "library"
routines (for such configurations as wheels, people, etc.)
which can be processed as a unit rather than a set of
distinct subsolids.

" The establishment of a uniform system of flags for trans-
mittal of the processed geometry.

4.2 SAM-C.

SAM-C was not the subject of serious discussion until late in
the afternoon of the second day. Because the SAM-C program is so large
and complex, our attitude toward it is considerably different than our
attitude toward MAGIC. In the first place (and of overriding impor-
tance), there are few computing facilities capable of efficiently
executing the SAM-C programs; secondly, a substantial amount of under-
standing of the code and the manner in which it attempts to solve prob-
lems, and of the problems themselves, is required to achieve any sort
of successful solution. Keeping these points in mind, the following
sections present the consensus reached.

4.2.1 Standard Version. For the time being at least, the
standard version of SAM-C will be that obtainable from RSIC at Oak Ridge.
In brief, this version features Combinatorial Geometry inputs identical
to those of Standard MAGIC with one important difference: triplet and
scalar inputs will be allowed.

4.2.2 Ad Hoc Problems. Although time was again insufficient,
the following study/problem areas were defined:

* The abolishment of computer word packing to the greatest
practical extent.
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* The incorporation of ENDF/B cross sections - preferably
using a noncommon energy mesh.

* Bonafide time dependence: time dependence currently assumes
the source is a separable function of time.

o Simplification of input preparation.

S. CREATION OF BENCHIARK PROBLEMS

Although time constraints precluded the actual creation of test
problem input, it was possible to indicate what the benchmark problems
should include.

5.1 MAGIC.

The test problem input should meet five conditions:

Use only the solids generally available; place the three

new solids at the end of the solid table for possible

deletion.

* Use all three region operator symbols (+, -, OR).

* Use 1 RPP to enclose the target (Wright-Patterson AFB will
use a BOX).

* Employ solids in such a way that they present overlaps and
contiguities.

* Similarly, ensure that at least one situation arises where
more than one following region has the same functional
identification code as the region in front (to ensure that
the correct normal thickness is being computed).

In addition, it is desirable to introduce a few deliberate errors to
ensure that internal error checks are operative.

5.2 SAM-C.

It was decided that more than one benchmark problem should be
created to enable checking the modeling of the physical solution and
the execution of the code. Two benchmark problems were agreed upon:

* The "infinite" fallout problem (RSIC Benchmark Problem
No. 4), and

o AFWL "Rocket" Geometry.

Physical/code input for these problems is presented in Appendix C.

Next page is blank.
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AP1ENDIX A. MAGIC/S.AM-C CONFERENCE PARTICIPANTS

Name A .City, State
1. Robert ii. Barnas Picatinny Arsenal Dover, New Jersey
2. Sue Gibson AFATL ,Eklin AFB, Florida
3. Larry Bain A4SAA (Methodology) APG, Md.
4. Matthew J. Reisinger BRL (VL) APG, ld.
S. John A. Zook AUISAA '(ASA) APG, Md.6. Thomas Jankunjs PicatinnyArsenal Dover, New Jersey
7. Jesse IV. Brewer AMISAA (ASA) APG, Md.
8. Donald IV. Nilowrer BRL (VL) APG, Md.
9. Robert E. Walther BRL (VL) APG, Md.

10. Lewis G. Gotze BRL (Yb) APG, Md.11. John Saarmann Picatinny Arsenal Dover, New Jersey
12. Michael J. Paul AFWL (WLRAS) Afbuquerque, N. M.13. A. Kris Widdison AFWL (WLDC-PD) Albuquerqu , N. m.
14. Kenneth Richer BRI. (S&PL) APG, Md.
1S. George 11. Conner, Jr. BRL (NEL) Edgewood Arsenal, Md,.16. Robert IV. Roussin ORNL - RSIC Oak Ridge, Tennessee
17. Wayne A. Coleman BRL (NEL) Edgewooa Arsenal' Md.18. W. B. Beverly BRL (NEL) Edgewood Arsenal, Md.19. Janet Lacetera BRL (NEL) Edgewood Arsenal, 'ld.20. Richard Saum BRL (NEL) EdgeWood Arsenal, Md.21. William Ralph NWL Dahlgren, Virginia
22. Robert E. Gray NWL Dahlgren, Virginla
23. Roy R. Hilbrand ASD Dayton, Ohio
24. Gerald Bennett ASD Wright-Patter,,on AFB,

Ohio25. Robert Kesselman Picatinny Arsenal Dover, New Jersey
26. Joe BurgIe Picatinny Arsenal Dover, New Jersey
27. Norman S. Banks BRL (TBL) APG, Md.
28. Robert Lake AMSAA (ASA) APG, Md.29. Ronald Marking AMISAA (ASA) APG, Md.

Next page is blank.
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B.1 ORGANIZATION OF THE NEW MAGIC PROGRAM

The general organization of the MAGIC program remains as
before. The following subroutines were changed: CALC, GENI, GI, WOWI.
The following routines were added: TEC, TOR, ARS, DOT, CROSS, UNIT,
QRTIC, CUBIC, ARIN. A description of the changes to existing subroutines
and the new subroutines follows:

B.l.1 Changes to CALC.

CALC - Statement 18 - Change the computed "go to" by adding
locations for computing the normals in the new bodies.

I
Statement 500

This section computes the normals to the elliptic cone. If
the point of intersection was the top or bottom the normal is the same
as the normal received as input. If the point is on the side of the
cone the following equation is used.

-- = - -- n + K* n-m(r4-r2 ,
() WB A* + I ~ i K 11 4

where ( )I = -9-n T- V + V. 1) .A*, and
1T. -n H. n

( )2 =  ). with K* instead of A*

The terms are defined as follows:

H = height vector of cone,

A* = unit vector - direction of major axis,

= unit vector - direction of minor axis,

T = rati6 of major to minor axis squared,

(X-V) rm = - . (r 4 _r 2 ) +2
HT. r

= point of intersection,

= normal to cutting plane, and

= center of base ellipse.

The derivation is shown on the following page.
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The equation for the ellipseparallel to the base ellipse
and through the point of intersection X is

-2 -2
(2) ((X-V-yfl) .A*) ((X-V-yH) .K')2 =

2 2
Tm m

(3) Y = (X-V) .n , and
H.n

(4) m = yr4 + (1-y)r 2

NOTE: y and T and X are known.

Expanding we get
'--.7.v. ) 2  ( ._ - -_) 2

0 11-In H-n ., + H-n H-n XM2

Differentiating, with respect to X, Y, and Z, and taking the

unit vector of the result gives us Equation (1).

Statement 550

The section computes the normal to the torus at the point of
intersection. The equation used is:

- (C+r 1"*)
(1) WB =

where X is point of intersection,

C is center of torus,

r is distance from center to the locus of mid-point of
circular cross section

= unit {d},

d= {WX(X-E)} X - = direction of rI in plane, and

r2 is radius of circular cross section.
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Statement 575

This coding examines the intersection with the arbitrary sur-
face (XI), selects the proper normal from those left in the MASTER/ASTER
array by ARS, and places this normal into WB. See write-up of ARS
routine to determine details of computation.

B.l.2 Changes to GENI.

GENI - Change all computed GO TO's involving body type to add
three new bodies. Add conversion routines to store TORUS and Elliptic
Cone data in either floating point or triplet and scalar form. Add
coding to store Arbitrary Surface in floating point format. (Subroutine
ARIN).

B.1.3 Changes to Gl.

Gl - For a new ray, processing remains the same, except for
changing the computed GO TO to check the new bodies. For continuation
of a ray, a check is made for TORUS or ARBITRARY SURFACE. If the body
is neither of these, the previously computed value is used. However,
if the body type is one of these a check is made to see if the distance
we have traveled is greater than ROUT. If it is not then we use the
existing values for RIN and ROUT. Otherwise, we reenter the body rou-
tine and compute the next RIN/ROUT 3et (if any).

B.I.4 Changes to WOWI.

WOWI - The same changes as were made to Gl apply here. A
description of the new routines follow.

B.1.5 Addition of TEC.

TEC - Body routine for truncated elliptic cone. Computes RIN,
ROUT, LRI, LRO for intersection of ray and cone. Uses DOT, CROSS, and
SQRT.

B.l.6 Addition of TOR.

TOR - Body routine for torus. Computes RIN and ROUT; LRI and
LRO are 1. If four roots are found it selects the first pair
greater than DIST as RIN and ROUT. Uses QRTIC and CUBIC.

B.1.7 Addition of QRTIC.

QRTIC (A,B,C) - Solves quartic polynomial equation with unit

leading coefficient, X4 + C X3 + C2X2 + C3X + C4  0.

49



Method is from J. V. Uspensky, "Theory of Equations,"
pp 94-95. Used by TOR.

A = Array of coefficients

B = Array of roots

C = Number of real roots

B.1.8 Addition of CUBIC.

CUBIC (A,B,C) - Solves cubic polynomial equation with unit
3 2leading coefficient, X + C1X +CX+ C3 = 0

Method is from J. V. Uspensky, "Theory of Equations,"
pp 84-93. Used by TOR.

A = Array of coefficients

B = Array of roots

C = Number of real roots

B.i.9 Addition of DOT.

DOT (A,B) - Computes the dot product of vectors A and B.

B.l.10 Addition of CROSS.

CROSS (A,B,C) - Computes the cross product of vectors B and
C and stores result in vector A.

B.I.lI Addition of UNIT.

UNIT (A) - Computes unit vector of and stores back in A.

B.I.12 Addition of ARS.

ARS - Body routine for arbitrary surface. Computes RIN, ROUT.
LRI and LRO are always 1.

For the purposes of determining intersections and normals, the
routine constructs a series of triangles, as below, and utilizes these
triangles to determine intersections and the associated normals.

so



When entered for a new ray, the intersections are stored in the MASTER/
ASTER array, together with the normals at these points. Upon reentry
for the same ray, the RIN, ROUT pair appropriate to DIST are selected
and returned to the calling routine.

To determine the intersection and normals, the ray is tested
against each triangle for which at least one point of the triangle lies
within the projection of the grid square. The calculation is done as
follows:

M

n qX

By the rules of convex figures in 2-space, for x within the
triangle, there must exist a,$,y such that

(1) au + V + YW = xb+

a + 0 + y = 1; c,3,y > 0

then
y= 1- a- 8

(2) a U+ V + (l-)W=Xb + SWb and

(3) a -wJ + aIvw (-V- S b-

These are simply three equations in three unknowns.

Using determinants to solve this set of simultaneous equations
we obtain a,a,y, and s. After verifying that a + a + y = 1 and
aO,y > 0, we record the s value as well as a unit normal to the tri-
angle. If a,O,y fail to meet these requirements, the ray missed this
triangle.
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After performing the calculations for each triangle, the re-
sulting s values and normals are placed in the MASTER/ASTER array. Suf-
ficient space is provided for up to ten pairs of RIN and ROUT. The
variable DIST is used to determine which pair of RIN and ROUT should be
returned to the calling routine.

B.2 DESCRIPTION OF INPUT PARAMETERS

B.2.l Truncated Elliptic Cone.

Specify a vertex V at the center of the larger ellipse, the
height vector H, expressed in terms of its x,y,z components, the direc-
tion of the major axis A, the direction of the normal N, and three
scalars - RI, the length of the major axis of the larger ellipse, R2,
the length of the minor axis of the larger ellipse, and P, the ratio
of the larger to the smaller ellipse.

B.2.2 Torus.

Specify a vertex V at the center of the torus, the normal to
the plane in which the locus of mid-points of the circular cross sections
lie, N, and two scalars - Rl, the distance from the center to the mid-
point of circular cross section, and R2, the radius of circular cross
section.

B.2.3 Arbitrary Surface.

Specify the number of curves (M) to be specified and the num-
ber of points (N) which will be specified on each curve. A surface is
constructed between curve 1 and curve 2, between curve 2 and curve 3,
etc. The user must be careful that the described figure is closed and
solid.

CURVE I & 5
CURVEVV 4-

CURVE 3

CURVE2
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In the previous example, the first and last point of each curve
is identical, and the first curve is identical to the last, and one can
see that the figure is solid. I

CURVE 2 CURVE 3

CURV 1 /CURVE 4
CUV I)

In this example, curve 1 consists of the same point repeated
five times, curve 2 of five points (the first and fifth point being the
same), curve 3 is defined similar to curve 2, and curve 4 similar to
curve 1. It can also be seen that this figure is solid.

To further illustrate this figure, note in the figure that

M= 4 N= 5

Curve 1 pt. A1

B1

C

D1

Curve 2 pt. A2

B2

C2
D2

E E2
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M= 4 N=5

Curve 3 pt. A3

B3

C3

D3
E 3

Curve 4 pt. A 4

B4
C4

D4

E4

is identically the same figure as

M= 5 N=4

Curve 1 pt. A1

A

2A3

A -

B4
Curve 3 

pt. C1

C2

C3

C 4
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M= S N= 4

Curve 4 ut. D1

D2

-'Curve 5 pt. El

2

£3E4

The user should use this isomorphism as a check on whether
the figure defined is truly closed and solid.

B.3 BODY CARDS

The data describing each body must be input using the format
described in Table B.I. This table is similar to Table 3.1 (page 37
in the original document)and should be viewed as an extension of that
table.

B.4 NEW VARIABLES IN COM4ON

Variable Labeled
Name Common Definition

IGRID DAVIS The grid square of the origin of

the current ray (XBS)

LOOP DAVIS Set by Gl upon entry to a body
routine to reflect ray number of
last ray fired at the body.

INORM DAVIS Set by GI to indicate if the ray is
being fired normal to a surface
(normal is computed by CALC)
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B.5 NEW ERROR STOPS

Routine Message Explanation

CALC ARS DID NOT Data in MASTER/ASTER-Array' incon-
FIND NORMAL sistent. Some routine has destroyed

portions of MASTER/ASTER.
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APPENDIX C

SAM-C BENCHMARK PROBLEM INPUT

I [Next page is blank.
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C.1 SHIELDING BENCHMARK PROBLEM 4.0 (Abridged)

Gamma-Ray Dose Above a

Plane Source of 60Co on an

Air/Ground Interface

Original Submitted by:

Charles W. Garrett .
Radiation Research Associates, Inc.
8404 Westmont Court
Bethesda, Maryland 20034

2 December 1968

Accepted by BPG:

December, 1968

This Abridged Version prepared September, 1969

*!

Corporate offices located in Fort Worth, Texas.

Next page is blank.

61



"I. INTRODUCTION

The dose rate three feet above an air/ground interface con-
taminated with gamma-ray emitting isotopes is often used as a basic
normalizing parameter in fallout radiation environment studies and fall-

out shielding methodology. For example, the dose rate three feet above
a fallout field is the basic quantity to which geometric and barrier
factors are applied in the currently-used "Engineering Method"
(References 1,2*). This technique predicts shield effectiveness in
fallout situations. There have been experimental measurements of the
dose above fallout fields in several weapons test (References 3,4. and
several calculations (References 1,5) of the same quantity have been
made.

"However, because of the obvious difficulties associated with
measurements of actual fallout, many studies have concerned themselves
with the radiation environment above interface planes contaminated with

a single isotope. In particular, 137Cs and 60Co have been extensively
used-in these investigations.

"2. THE AIR/GROUND INTERFACE PROBLEM

This benchmark problem is concerned with the theoretical com-
putation of various quantities above an ideal air/ground interface uni-

60
formly contaminated with Co. A discussion of experimental results is
also included for comparative purposes.

".1 Problem Geometry

Figure Cl illustrates the geometry for the theoretical bench-
mark. A receiver (detector) point is located three feet above the air/
ground interface which is assumed to be smooth and infinite in extent.
60Co is uniformly distributed on the interface. Although 60Co emits
one 1.17 MeV photon and one 1.33 MeV photon per disintegration, many
studies assume an average photon energy cf 1.25 MeV. This assumption
introduces negligible errors, and the benchmark data are normalized to
a source strength of one 1.25 MeV photon emitted isotropically per

2
cm of interface area per second. [For SAM C the photon energy of 1.33
MeV was used.]

References are not included in this abridged version. Ed.
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"Table I lists the constituents of the air and ground. The
air density is 1.29 x 10& 3 g/cm3. the ground assumed to have a compo-

g/cm if5t
sition similar to Nevada Test Site soil (Reference 6).

TABLE I AIR AND GROUND COMPOSITIONS

Element Atomic Concentration (atoms/cm3

*19
Air Nitrogen 4.19 x 1-0

Oxygen 1.13 x 1019

Argon 2.53 x I017

Ground Hydrogen 8.55 x 1021

Oxygen 2.27 x 1022

Aluminum 2.01 x 1021

Silicon 9.53 x 1021

There has been a slight change in format. Ed.

"2.2 Quantities Calculated

Quantities calculated at the receiver point are: (1) the
total kerma rate,** T, in air; (2) the kerma rate,** D, in air from
uncollided photons; (3) the dose buildup factor, B; and (4) the differ-
ential angle and energy distribution of the number flux density, ')(E,G),
where e is the receiver polar angle (Figure Cl). The number flux
density energy spectrum, I(E), [is the only quantity calculated by SAM C]
...."[calculated results appear in Tabular Form in Table IV and in
graphical form in Figure C2].

For the photon energies and geometry of this problem, the numerical
difference between kerma rate and absorbed dose rate in air is small
and can be ignored. Other studies quote kerma rate in tissue, and
adjustments should be made to compare the results of such studies with
this benchmark.
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TABLE IV SCATTERED PHOTON KERMA RATES THREE FEET ABOVE AN INFINITE
60Co CONTAMINATED PLANE

Energy Interval K(E) Flux Density Kerma Rate
(MeV) (ergs=cm2/g) (Photons/cm2-,sec) (ergs/g-sec)

.02 - .03 1.06(-8) 1.47(-3) 1.56(-11)

.03 - .04 5.28(-9) 1.55(-2) 8.18(-il)

.04 - .06 3.06(-9) 9.32(-2) 2.85(-10)

.06 - .10 3.06(-9) 2.10(-l) 6.43(-10)

.10 - .18 5.56(-9) 2.99(-i) 1.66(- 9)

.18 - .30 1.08(-8) 2.94(-l) 3.18(- 9)

.30 - .50 1.89(-8) 1.93(-l) 3.65(- 9)

.50 - .75 2.92(-8) 1.08(-l) 3.15(- 9)

.75 - 1.00 3.97(-8) 8.31(-2) 3.30(- 9)

1.00 - 1.25 5.00(-8) 1.69(-l) 8.45(- 9)

TOTALS: 1.47(0) 2.44( -8)

NOTE: Read 1.06(-8) as 1.06 x 10
-8

Tables II and III have been omitted in this version. Ed.

[Results]

"On Figure C2 (Figure 6 in original document), differential
scattered photon flux density energy spectra are plotted for the two cases
shown on Figure 4,* along with data from a 7,000 history air/ground COHORT
Monte Carlo study by French (Reference 21). Although neither the Table
III or the COHORT data was smoothed in any way prior to constructing
Figure 5, adjustments had to be made in the three lowest energy groups of
the air/compressed air case. In that case, a severe fluctuation (visible
on Figure 4) occurred in the 300 - 400 angle interval in each of the three
energy bins. The solid curve on Figure 5 was obtained by intuitively
smoothing all available data and, in addition, making use of two known
facts; the magnitude of the discontinuity at the first scattering cutoff
energy (0.212 MeV) and the value at the source energy (1.25 MeV). As
described in Reference 24, these values can be easily and accurately
computed. The value computed for the energy spectrum at 1.25 MeV is 0.43
photons/cm 2-sec-MeV, and the magnitude of the discontinuity is 3.40
photons/cm 2-sec-MeV.

Figures 2, 3, 4, and 5 of original document have been omitted. Ed.
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"In conclusion, it is to be emphasized that the differential
data and smoothed curves presented on Figures 3, 4, and 5 contain rather
large uncertainties, and must not be taken as absolute standards...."
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C.2 Alit FORCE WEAPON LAB "ROCKET", GEOMETRY

Next page is blank.
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APPENDIX D

ISTiNG OF 'iIE AMSAA OCTOBER REVISED STANDARD MAGIC PROGRAM

Next page is blank.
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C MAINJ I
DIMENS~IN MASTE4(30OOO),4(6) M AI1N 2
COMM*lW1 ASTER( WO)00) MAIN 3
COMMONi/GEOM/LIIASERIRo)i~rLRILROPINF, IEkRc,OIST MAIN 4
L'JMM')NJ/NCEM/RPP'4TR Itp NCAL N BDYvNR MAX, LTR I PLSCAL ILREGDq MAIN 5
1 LLAA,LRIN,LR0IT,1IOL0CUA,I15rI3O,LBODY,,NASC,KLOOP MAIN 6
CuMMO'j/JEMPOR/XS(6),X(6),IX(8),IT(1O),IA(9), IN(9) MAIN 7
COMtMa-J/WALT/LjARF( ,NfGIFRR MAIN 8
L0MMC:'./CONITRIL/ITESIT.,,RAYSK,IENTLV,IVOLUMIWGrITAPEl,NOIY~rs MAIN 9
COMKerJ/ENGEOI'/L (,FOM MAIN 10
COMMO,"./S ILE/P.0C MAIN 11
L0MMON/LRR/ IrRR) MAIN 12
COMMON/. ANDM/ I ANV MAIN 13
1EUIVALI&NCE (ASILtR,4ASFfLR MAIN 14

901 FORMA II 1, 321 H IS I S THiE 11 APR 69 VERSION OF /MAIN% 15

1 It, ,32fillif- BIMLSC PA;.31C PROGRAM MA 1 MAN 17
902 f-t.ReMA I( 11f Bi EG 114 L XL-CUT I ON) MAIN 1S

*903 l-ui{AT 1I11O) MAIN Ili
904 F;fluhArf 1140t l0A,42HlitI~ rAPE 4 uSED FOR Ti*IS RUN. HAS THE TITLE I MAIN 2G

I 10A6/) MAIN 21
905 FGttMAr(1HO,1Lit&,'jTLi< (A-NI) MAIN 22
906 PJR:4AT ( luO, l2iL1AV I.41 W141 ) MAIN 23
907 O{'TIOi51-4JTO ON GEOMETRY INPUT EKRo~R,5Xt5HIERR=,J5) MAIN 24
906 FvA(1H1vI5iTFST6 IS CALLED)) MAIN 25
909 FURMA T (I HO fI31LL A V 'JGjf TS TG) MAIN 26
910 FO,{MArT(,H1,24HREIR-GI(-J IYPE DATA FOLLOWS, BX,hHLIKFO~tlIO/ MAIN 27

1 111 ,bii0Z[ 0N,6X,4CL;E,6X 4Hf YPF,6X, I1HUESCRIPT ION/) MAIN 28
911 FuR.MAT( 3110,lUX,6A6) MAIN 29
91? FURMAT(16,1I1,1-)t7Xv6A6) MAIN 30
913 FORMAT( IHO,2310.9 RL.)M FOR JOENfT A8LF,5.X,7fiLEGE0M=,17,5X, MAIN 31

I 6HLIRI-O=#I7) MAIN 32
914 FOKMAf(1i0v321fW-<ITL TAPE I OPTION IS SPFCIFIE(U) MAIN 33

*915 FOKfM-Ar(j5,l)X,10A6) MAIN 34
916 FuRMAf(1H1,LIIHE4TFR VOLUM) MAIN 35
917 FORMAM(H0,131iLEAV1NG VOLUM) MAIN 36
918 FORMAI(IH 6fi 999.9) MAIN 37
919 F0i<,vAr(L1,1HEAF. OjF CASEI5) MAIN 38

*925 FORMAr(1H1,3?iiNUM 0- ASPFCT ANGLES FOR G-IU IS,15) MAIN 39~
927 FORMAM15) MAIN 40
928 F0RVAT(IH1,3?hfU 01" ASPECT ANGLES FOR AREA IS,15) MAIN 41
929 FJ~~mAT(0iOt31l14NUP.b[R OF GI ERRORS ENCuU-*JTERFD,B)) MAIN 42
930 F0RtAAI( IHO,3Ih'1MBLR OF u ITEMS ENCOLJNTERFLU, 1:) MAIN 43
999 FOK.NiAT(IH(,IOjiE(4D v~F RUN) MAIN 41#

c MAIN 45
IRANDN='0 MAIN 46
WRITE (b9901) MAIN 47
WRITE (6,902) MAIN 48

*C MAIN 49
I 15=2** 15 MAIN 50
I 30=2**30 MAIN 51
P INF= 1.GL5O MAIN 52
Nu=cl MAIN 53
I yes- MAIN 54
11 R:< =t, MAIN 55
LI3ASE=I MAIN 56
KLOUP=0 MAIN 57
iNDQ=30000 MAIN 58

C, MAIN 59
RkAD (5,903)RLrP4,IWRii)4,IESGIRAYSK,ICARi)I,INTLV,VOLUM MAIN 60
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IF( IDTP4.Nt.)IR(JTP4IYES MAIN 61
IlF(IWRTP4.NE.O)IWRTP4=IYES MAIN 62
1Ff 1TESTG.NE.0)ITESTG=IYES MAIN 63
IF( IRAYSK-NE.O)IRAYSK=IYES MAIN 64
Il-CICARUI.NE.0)ICARDI=IYES MAIN 65
IF( IENTLV.NE.0)IENTLV=IYES MAIN 66
IF( IVOLUM.Nt.O)IVOLUM=IYES MAIN 67

C MAIN 68
IF(IRUTP4.EQ.NO) G0t0 10 MAIN 69
REAg) (4) DUMMY,ASTER,LBASE,PINF,IERR,NRPPNIRIPNSCAL, MAIN 70
1 NBODYNRMAXLTRIPLSCALLREGD, LDATALRINLROTLI0,LOCDA, MAIN 71
2 LbGDYLIRF0,SCALELRILROPINF, IT MAIN 72
WRITE~ (6,9O4)UFr(I)*I=1.10J MAIN 73
GOTO 20 MAIN 74

C MAIN 75
C PROCESS GEOMETRY MAIN 76
C MAIN 77

10 DO 11 I=LBASENUQ MAIN 78
ASrER( I)=O. MAIN 79

11 CONTINUE MAIN 80
L. MA IN 81

WRITE (6,905) MAIN 82
CALL GENd MAIN 83
wRITF (6,906) MAIN 84
I ERR=O MAIN 85
IF(IERK.LE.O)GOTO 12 MAIN 86
WKITL (b,907)IERK MAIN 87
STOP MAIN 88

CMAIN 89
12 IF(IWRTP4.EQ.NO)GOTO 20 MAIN 90

WRIrF(4) VUMMYASTERLBASEPINFIFRRNRPPNTRIPNSCAL, MAIN 91
I NIOOYNRMAXLIRIPLSCALLREG0,LDArAL&1NLIOTLIOLOLUA, MAIN 92

*2 LI300YLIRF0,SCALE,LRItLROPINF, IT MAIN 93
C MAIN 94
L C TEST G MAIN 95
C MAIN 96

20 IF(ITESTG*EQ.NdO)GOTO 30 MAIN 97
WRlrF (6,908) MAIN 98
CALL TESTG MAIN 99
WRITE (6,909) MAIN 100
IIESTG=NO MAIN 101

C MAIN 102
C VOLUM MAIN 103
C MAIN 104

30 IF(IVOLUM.EQ.NO)(;OTO 40 MAIN 105
WRITE (6,916) MAIN 106
CALL VOLUM MAIN 107
WRITE (6,917) MAIN 108
I VOLLJM=NO MAIN 109

C MAIN 110
G REGION TYPE DATA /ICODE IIDENT /MAIN Ill
C MAIN 112
C IRN =REGION NUMBER MA IN 113
C ICODE =ITEM CODE MAIN 114
C IDENT SPACE CODE AND SPECIAL IDENTIFICATION MAIN 115
C 0 NO IDENT CODE MAIN 116
c I.C920,30,40,50,60,70,0,90 SPECIAL IDENTIFICATION MAIN 117
C SKIRT=lu. ARMOR=20 TARGET=3O MAIN 118
C -1,1-9t11-19,2I-29,......,9l-99 SPACE CODES MAIN 119

*C 76MAIN 120



40 LIRFO=NDQ-NRMAX-IO MAIN 121

IF(LIRF6.GT.LbGOM)GOrO 41 MAIN 122

wRI E(6,9I3)LEGE0MtLIRFO MAIN 123

STOP MAIN 124

41 wRITE iot,9O)LItFO MAIN 125

MASITER(LIRFO-I)=Ihl+1 MAIN 126

c MAIN 127

42 READ(t,911)IRN,ICODE,IDNT, A(I),I=I,6) MAIN 128

IFIIRN.LE.O)G6TO 50 MAIN 129

WRITE (6,912)IRN, ICODE,IDENT.,A(),1=1,6) MAIN 130

IDENT=IDENITI MAIN 131

K=LIRFO+IRN-1 MAIN 132

VASTER(K)=ICODEfI5+IGENT MAIN 133

GOI 42 MAIN 134

C MAIN 135

C NOAA = NUM OF ASPECT ANGLES FOR GRID MAIN 136

C IIAPE8 15 IHE SUPRLSS PRINTER OPTION MAIN 137

C IWOI IS WRII OPII1O' FOR TAPE I MAIN 138

C NARtA = NUM OF ASPECT ANGLES FOR AREA MAIN 139
MAIN 140

50 R-Al) (,927)NuAAIT, IlAPF8,NAREA MAIN 141

IF(IWUr.NE.U)IWJT=IYES MAIN 142

IF(iiAPL8.EO.t,h;OTG 51 MAIN 143

IfAPF.B=.;O MAIN 144

GO1O 52 MAIN 145

51 ITAPL8=IYES MAIN 14b

52 IF(IWOI.EO.NO)GOTO 60 MAiN 147

REWIND I MAIN 148

WAITt- (6,914) MAIN 149

WKIIF(I,9I5)N0AA, (1(I)tI=I,10) MAIN 150

C MAIN 151

C GRID MAIN 152

C MAIN 153

60 IF(NOAA.LE.O)UOTO 70 MAIN 154

WRITF (6,925)KOAA MAIN 155

- C MAIN 156

DO 61 I=INOAA MAIN 157

CALL GRIP MAIN 158

IFCIwOT.EO. IYES)WRITE{1,918) MAIN 159

W iTE (b,919)1 MAIN 160

WRITE C6,929)IERR MAIN 161

WRIIL (6,930}IRRO MAIN 162

ILRR=0 MAIN 163

IERRO=O MAIN 164

61 CONTINU MAIN 165

C MAIN 166

C AREA MAIN 167

C MAIN 168

70 IF(NAREA.LE.O)G,)IO 99 MAIN 169

WRITE (6,928)NAREA MAIN 170

C MAIN 171

O0 71 I=1,NARLA MAIN 172

CALL AREA MAIN 173
WRITE (6,919)1 MAIN 174

IERR=O MAIN 175

71 CONIINUL MAIN 176

C MAIN 177

99 WRITE (6,999) MAIN 178

STOP MAIN 179

END 77 MAIN 180

LI



i

C MAIN 181
C MAIN 182

SUEROUTINE UN2(L,JI,J2) **** I
C UNPACKS 2 ITEMS FROM THE MASTER-ASTER ARRAY UN2 2

LOIHMON MASTER(30000) UN2 3
13=MASTER(L) UN2 4
J1=I3/32768 UN2 5
J2=i3-Jl*32768 UN2 6
RETURN UN2 7
END UNZ 8

C UN2 9
C UN2 10

SUBROUTINE UN3(LJ1J2,J3) **** 2
C UNPACKS 3 ITEMS FROM GI STORAGE UN3 2

COMMON MASTER(30000) UN3 3
13=MASTER(L) UN3 4
12=13/32768 UN3 5
J1=12/64 UN3 6
J2=12-Jl*64 UN3 7
J3=13-12*32768 UN3 8
RETURN UN3 9
END UN3 10

C UN3 11
C UN3 12

SUBROUTINE OPENK(LtJIJ2,J3) **** 3
COMMON/GTRACK/DID2,KHIT,LMAXTR(200),XBS(3),IRSTRTIENC, OPENK 2
I ITR(200)CAtCE*SASE OPENK 3

C OPENK 4
C UNPACKS 3 ITEMS FROM COMPONENT LINE OF SIGHT STORAGE ITR OPENK j
C I SURFACE NUM / BODY NUM / NEXT REGION / OPENK 6
C" OPENK 7

13=LTR(L) OPENK 8
12=13/4096 OPENK 9
J1=12/4096 OPENK 10
J2=12-JL*4096 OPENK 11
J3=13-12*4096 OPENK 12
RETURN OPENK 13
END OPENK 14

C OPENK 15
C OPENK 16

FUNCTION RAN(M) **** 4
COMMON/RANDM/IRN RAN 2

C GENERATES RANDOM NUMBERS RAN 3
RAN=IJRAN3I(IRN) RAN 4
RETURN RAN 5
END RAN 6

C RAN 7
C RAN 8

FUNCTION URAN31(1) **** 5
[F(1)20,10,20 URAN31 2

10 1=11111111 URAN31 3
Z0 J=1 URAN31 4

J=J*25 URAN31 5
J=J-(J/67108864)*67108864 URAN31 6
J=J*25 URAN31 7
J=J-(J/67108864)*67108864 URAN31 8
J=J*5 URAN31 9
J=J-(J/67108864) 67108864 URAN3110
Al=J URAN3111
I=J 78 URAN3112



URAN3I=A1/67108964. URAN3113
ItE L R URAN3114
EN4D UAAN31I5

L URAN3116
L UJRAN3117

SUB~ROUTINE CROSS(ANSWER,FIRST,SECOND) *** 6
I)IMLJSI-JN ANSWEt((3),FIR')TC3)sSfECONO(3) CROSS 2

L CsuMPUTES CROSS PRODUCT ANSWER =FIRST A SECOND CROSS 3
A'ISWER(1= FIRSI(2)4*SECOND(3) - FIRSf(3)*SECO4OI2) CR(PSS 4,
ANSW-'L(2) =FIRST(3)*SECONDUi) - IIRST(l)tSECONU(3 CROSS 5
ANSW~ERM = FIRSTt1i*SELOND(2) - FIRSTM?*SECON,(1 CRCSSb
RF TURN- CROSS 7

ENDCROSS 8
c CROSS 9
c CROSS 10

FUNCI ION 00TUF.tST,SECONO) 7**
DIMLNS5IL'i FIRST( 3) tEC0;Jr(3l DOT 2

r ccL*1'PJJEs Do[ PtoIDUCI 0OT = FIRST . St:LUD DOT 3
DOT = FIRST-r)-*fi Qr4I,()F~ST2SEC'IND2)KRSI(34SCOD(3) our 4
Ri: I URLN COT
END1 1 DOT b

L DO T 7
C DOT a

SUtIqCbTI-NL UNdl(VI **
D)IMt*:SlJ. VM3 UNIT 2

c COPLUTS UNI I VrLT~it UNI T 3
T17f"P =SORT(,)CT(Vv) IUNJIT 4

V( )=V I)/IMPUNIT 5
UNIT 6

V(3)=V(3)ITtMP UNIT 7
RL I URIN UNIT 8
EMe- ) UNIT 9

L UNIT 10
c UNI T 11

SU~IROUT I NE QR I IC (C R,9NRF) *** 9
C QRIIC 2
L. SOLVCS A POLYNOMIAL EOUATIO:4 OF THE TYPE ORTIC 3
C X*44 + C(L)*X**-3 + C(23*X**2 + CMf*X +C(4) 0 URTIC 4

*C THE CUEFFICIENT D)F X**4 IS ASSUMED) TO BE I QRTIC 5
C R CONTAINS THL ;COIS ORTIC 6
C NRE CCNIAINS THL -NUM~BER OF REAL ROOTS QRTIL 7
C IF IliERE ARE Iwj) RtAL ROOJTS THEY WILL BE IN R(1 AN!) R(2), QRTIC 8
C wITH THE CO.%PLEFX ROOTS R(3) +- R(4)*I QRTIC 9
L IF 1ILkRt: ARE NO RFJikL ROOTS, THE COMPLEX eROOTS AmE ORTIC 10
C R(I) +- R(2)*l ANDI KM3 +- R(4)*I QRTIC 11
C QRTIC 12

DIMLNSION C(4) 1R(4)bCP(5) ,Y(3) QRTIC 13
C1S=C(I )*2QRTIC 14

(;P( 1) =-C (2) QRTIC 15
CP(2)=C(1)*C(3)-4.*C(4) ORTIC 16
CP(3)=C4.*C(2)-CISQ)*C(4)-C(3)**2 ORTIC 17
CALL CUxSIC(CPYNRL) QRTIC 18

*A=CISG/4.-C(2)+Y(l) QRTIC 19
B=.54L( I)*Y( 1)-C (3) (JRTIC 20
0=.25*Y( 1)**2-C(4) QRTIC 21
IF(A.t*;T.C.)GOTO 10 QRTIC 22
L=O. QRTIC 23
GOTO 20 URTIC 24

10 E=SORT(A) 79ORTIC 25
20 IF(D.GT.O.)GOTO 30 QRTIC 26



F=O. QRTIC 27
GOTO 50 QRTIC 28

30 =SIGN(SURTD),13) QRTIC 29
50 NKF=0 QRTIC 30

REAL=-.25*C( 1)+-5*L QRTIC 31
USCR~=REAL**2-.5*Ytl13+F QRTIC 32
RAU=SCJRI(ABS(OSCR)) QRTIC 33
IF(b)SLR.LI'.O.)GOTO 60 QRTIC 34
NKE=2 QRTIC 35
R(I )=REAL+RA) QRTIC 36
RIZJREAL-RAD QRTIC 37
GOT0 65 QRTIC 38

60 R(3)=REAL QRTIC 39
R (4) =iAI) QRTIC 40

65 REAL=REAL-F QRTIC 41
OSCR=REAL**2-.5*Y( 1)-F QRTIC 42
RAO=SQRr(ABS(DSCH3) QRTIC 43
IFIOSCR.LT.0.)GOTO 80 QRTIC 44
NR E =NRE+ 2 QRTIC 45
R(NRE)=iREAL-RAD QRTIC 46
iR(NRE-1 3=REAL+RAD QRTIC 47
RE TURN QRTIC 48

80 R(NKE+1)=xEAL QRTIC 49
RI NRF+2 ) RAJ QRTIC 50
RL TURN QRTIC 51
ENI) QRTIC 52

C QRTIC 53
c QRTIC 54

SUBROUTINL CUBIC (C ,RNRIH **** 10
c. CUBIC 2
C SULVES A POLYNOMIAL EQUATION OF THE TYPE CUBIC 3
c X**3 + C(11*X**2 + C12)*X + C(3) =0 CUBIC 4
L . THL COEFFICIENT OF X**3 IS ASSUMED TO BE 1 CUBIC 5
C R CONTAINS THE ROOTS CUBIC 6
c NRE CONTAINS THE NUMBER OF R~EAL ROOTS CUBIC 7
C IF THERE IS ONE REAL ROU~T IT WILL BE IN Rhl)* CUBIC 8

*C WITH II-E COMPLEX ROOTS AM(2 +- R(3)*I CUBIC 9
C CUBIC 10

DIMENSION C(33,R(3) CUBIC It
CISU=C (13**2 CUBIC 12
P=C(2)-CISQ/3. CUBIC 13
Q=C(3)-CCI)*(C(2)/3.-2.*ClSC/27. 3 CUBIC 14
DE=I 1)13 2.Q*2 CUBIC 16
U=CI)=4.P*+7**2 CUBIC 15
IF(DEL.LT.0.)GOTO 10 CUBIC 17
SU=SORT(UEL/108. ) CUBIC 18
HQ=.5*Q CUBIC 19
A=-HU+SQ CUBIC 20
B=-iIU-SU CUBIC 21
CRTA=SIGN'.ABS(A) **.3333333333333333,A) CUBIC 22
CRTEI=SIGN(AE3S(B) **.3333333333333333,B) CUBIC 23
Y=CRTA+CRTB CUBIC 24
R(I1)Y-T CUBIC 25
R(2[=-.5*Y-T CUBIC 26
R(3)=.8b6025404*(CRTA-CRTB) CUBIC 27
NRE=1 CUBIC 28
RETURN CUBIC 29

10 PH13=ATAN2(SQRT(:-DEL/27.),-Q)/3. CUBIC 30
CON=2.*SQRT(-P/3.) CUBIC 31

R(1)=CON*COS(PH13)-T 80 CUBIC 32



R(2)=-CON*COS(.0419755-PH13)-r CUBIC 33I

R(3)=-CON*COS( I.04719755+PHI3)-T CUBIC 34

NRE=3 CUBIC 35

RETURN CUBIC 36
END) CUBIC 37

FUNCTION XI)IST(XA,XB) CU 1C3
C COMPUTES IHE DISTANCE BtrwEE:N XA AND XB XDIST 2

DIMENSION XA( 3), XE(3) XoISr 3
XSUMzO. XDIST 4
Dut 10 1=1,3 XDIST 5
XSUM=XSJtMi(XAC I)-Xb(I) )**2 XDIST 6

10 CONTINUL XDIST 7
xDisr=SQjRT(XSUM) XOIST 8
RE TURN XOIST 9
END XIJIST 10

C xoisr 11
c XfDIST 12

SUBROUTINE VCuSll(XA,XB,WA) *** 12
C COMPUTES 014FCIION COSI-NES FROM POINT XA TO POINT XB DCOSP 2
C AND S0TORE DIRECTION COSINES 114 wA UCOSP 3

DIM:NSIWN XA(3), X'3(3),WA(3) DCOSP 4
DI S=XUIST(XA,X8) OCOSP 5
0O 10 1=19 3  DCOSP 6
WA( I )(X8( I)-XA ) )/DIS DCOSP 7

10 CONTINUE DCOSP 8
R L T UN OCOSP 9
ENiD ocosp 10

C OCOSP 11.
C DCOSP 12

SUBROUTINE TRUPIC(WP) **** 13
C GEN4ERATES RANDOM DIRECTION COSINES FROM AN TROPIC 2
L. ISOTROPIC DISTRIBUTION TROPIC 3

DIMENSIOJN WPUi) TROPIC 4
1.0 Xl=RA.N (-I) TROPIC 5

X2=RANJ (-I.) TROPIC 6
XIS=Xl*m'2 TROPIC 7
X2S=X2**2 TROPIC 6
T=XIS+X2S TROPIC 9
IF(r.GE*1.)GOTO 10 TROPIC 10

C CAIC SIN ANt) CC-S OF A RANDOM ANGLE PIl TROPIL11
CSPHI=( XIS-X2S)/T TROPIC12
SNPHI=(2.*X1*X2) IT TROPIC13
X1=RAN (-1) TROPIC14.
IF(X1.LL..5)ISNPHIZ-SNPHI TROPIL.15

C CALC COS AND SIN OF RANDOM ANGLE THr TROPIC16
CSTlII=2.*RAN (-1)-l. TROPIC17
SNTHT=SQRT( 1.-CSlHT**2) TROPICI8

C CAIC DIRICTION COSINES TROPIC19
WP CI =SN THT*SNPHI TROPIC20
WP(2)=St4THT*"CSPH I TROPIC21
WP( 3) =CSTiT TROPIL22
RETURN TROPIC23
END TROPIC24

C TROPIC25
C TROPIC26
C TROPIC27
C 81 TROPIC28

SUBROUTINE GFNI **t14



IMEN~S[ON MASTER (30000) ,IY(11),IAN181 tIAA(8)FX(120) GEN 1 2
I .NOO(3),N011 ,N02( 3),04(3),Tr(3),rTT(3),TT2(3).NBOO(llI GENT 3
COMMON ASTER(30000) GENI 4
COMM-ON/GFOM/LLSASLRiNRGurLRILI&OtPINFtERR,DIST GENI 5
COMMON /UNCGE M/NR PP 9N TRI P #NS CAL v NBODY pNRMAX 9L TR IP ILSCAL *LREGD 9 GENT 6
I IDAIA,LRIN,LROT,LIO,LOCOA,115,130,LBODY,NASC,KLOOP GEN[ 7
LOMMON/1L-MPOR/XS(6),X(6), IX(8),TT( 1O),tA(9), TN(9) GENT 8
LJMMLV4/CONTRL/IrESTkIRAYSK,IENTLVIVOLUMIWOT,ITAPE8,NO.IYES GENT 9
C0MkiON/SlIt/NUQ GENI 1.0
LUMMONIuNCLE/NNO CM4 GENI 11
COMM0N/RtRPP/LRPPD, LABUT GENT 12
EQU IJVALLNCE (AS TERMFASTER) GENI 13

L GENT 14
901 FuRMAT(IHO124HSTART READIN~G SOLID DATA) GENT 15
902 FURMAT(lOAb) GENI 16
903 FORMAT(IHO,10A6/) GENT 17
904 FURM*AT(?110) GENT 18
905 FORMA114X,34HN0. OF RECTANGULAR PARALLELEPIPEDS,110/ GEN[ 19

1 4X,34HN0. OF TRIPLETS 1110/ GENT 20
2 4X,34HN0. OF SCALERS .110/ GEN( 21
3 *sX,,3tlNO. OF SOLIDS 1110/ GENI 22
4 4X,34HPAX NO. OF REGIONS t110) GENT 23

906 FoRmAT(1IOv45X,32HRECTA,4GULAR PARALLELEPIPED INPUT) GENI 24
907 F0RMATIHO,37X,12HTRIPLET DATA) GENT 25
908 FJRMAr(6E12.6) GENI 26
909 FORMAT(Id,l7X,3FI2.5) GENT 27
910 F RMAI(1HOt 5XtI2HSCALAR( DATA) GENT 28
911 FORMAl (llO,50X,22HI3ESCRIPTI3N OF SOLIDS) GENT 29
912 FORM4AT( 3AltA3,A4,6F10.5) GENT 30
913 IORMAT(IHO,6HITYPE ,A3,27H LOES NOT MATCH WITH AN ITY) GENT 31
914 FoRMAF(19,lK,3A1,3X,A3,A4,3X,8l5) GENI 32
915 FORMAT(Tca,iXt3Al,2XA3,A4,4X,6F12.5) GENT 33
916 FOKMAT(25X,6FI2.5) GENT 34
917 FORMAT(lHO,38INO MORE ROOM FOR SOLID DATA LDATA=,T11, GENT 35

1 5Xq5HLBOr=,Il0,5X,4fHNDQ=9I1O) GENT 36
918 F0iRMAT(lHO,25HFINIStt READING SOLID DATA) GENT 37
919 FORMATTIHG, 5HLREGD,7Hi LRLGLt7H LENLV,7H LRINTH LROT, GENT 38

1 7H L109714 LEGEOM/15,&17 GENI 39
920 FORMAT(IH1,3bX,23HREGION COMBINATION DATA) GENT 40
921 F0RMAT(I5,lX,9(A2,15)) GMN 41
922 F00KM(HO,30HERROR IN DESCITPTION OF REGION,15, GENT 42

19H IN FIELD,I2,5X,2411900Y NUM.GT.NRPP.+ NBODY) GENT 43
923 FORMAT(IOX,9(lHl(,A2,I5,1H),1X)) GENT 44
924 FORMAT( 18,2X,9(IH( ,A2, 15,IH),lX) ) GENT 45
925 FORMAUIIIO,030111LLEGAL OPERATOR IN ABOVE CARD,5XA2, GENT 46

1 9H IN F[ELD,12) GENT 47
926 FO$J AT(lHD,29HERROR IN REGION INPUT IR=,15,14H OR N.GT.NRMAX) GENT 48
927 FORMAT(1HO,39HNO MORE ROOM FOR REGION DATA LDATA=9IiO, GENT 49

I 5X,4HNOCJ2,I10) GENT 50
928 FOiRMAT(lHOt26HFINISH READING REGION DATA) GENT 51
929 FORMAT(14H ERROR, REGION,110,18H IS PART OF REGTON,110) GENT 52
930 FORMAT(24H FINISH CHECKING REGION 915) GENT 53
931 F'RMAT(HO,34HN0 MORE ROOM FOR ENTER LEAVE TABLE,5X, GENT 54

I 6HLDATA=,ilOs5X,4HNDQ=I11O5X,4HPASSI2,5X,3HTR=9110) GENT 55
*932 FORMAT(lHOt28HTOTAL ROOM FOR GEOMETRY DATA,5WHLEGEOM,916) GENT 56

933 FORMAT(IHO,5HFNTER,1816/C23X,1516)) GENT 57
934 t-UKMAMH 5HEV,86(3,56 GENT 58
935 FORMAT(lH1,50X1slHBEGIN ARRAY OUTPUT/) GENI 59
936 FURMAT(3(3I6,IX,E11.4,3H S ) GENT 60
937 FORMATM/ GENT 61
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938 FORMAM(HO,34HFINISH A PASS OF ENTER LEAVE TABLE,15) GENI 62
939 FORMAT(IlHO,14HERROR 11l INPII)T,5X,A3,23H DOES NOT ALLOW TRIPLET# GENI 63

1 22H AND SCALAR TYPE INPUT) GENI 64
940 FJRMAT(IOX,6F10.5) GENI 65

*941 FORMAT(1IlU,37tiTERM!N-ArION' ON4 BAD REGION DESCRIPTION) GENI 66
*942 FORMAT(1H0,32lIE&R0R IN DESCRIPTION OF BODY NUM,16/ GENI 67

1 M) VECTOR,3FI2a5,24H IS NOr PERPENDICULAR 10 /GENI 68
2 7H VECTORt312.5/) GENI 69

943 FO1RMAT(HO,27HERROR IN DESCRIPTION OF TOk,5X,8HR2.GT.R/.) GENI 70

944 F0RMAf(lHOv27HERqROR IN DESCRIPTION OF TRC,5X,7HRI =R2/) GENI 71

945 FORMAT(IHO,5HLBASE97H LRPPD, GENI 72
I 7H LABUT,71 LBODY,7H L600,7H LDATA,7ki LBOT,7H LSCALt GENI 73
2 7H LTRIP,7H NDQ/15,917) GENI 74

946 FORMAr(IHI*I7HEMFER-LEAVE TABLE) GENE 75

947 FURMATCIHO,11(2XA3)/1I1') GENI 76
948 FORMAM(HO,27HEIR0OR IN DESCRIPTION OF TEC*5x, GENE 77

L 41HHEIGHT VECTCA IS PARALLEL TO BASE ELLIPSE) GENI 78
cGENI 79

GLNI 80
INTEGER HHBOX,HHSPH,HHRCC,HiREC,HHTRC,IHELL,*IRAW,HiARBdIHTEC, GENI 81

1 HHTORi,HHtARS,HHJI~,HHBR,HfIR#HHRAHHARHHBAHiAHtfl GEN! 82

C GENI 83
UDfA tH8OX,HHSP,HRCC,H~i-IEL,HH1'RCdIHELL,HHRAW,tiHARB,. GENI 84
I HIT[C,HH TOR H~iARS/,)HBOX, 3HSP11p3IRCC, 311REC,,31IIRCv GENT 85
2311ELL,3HRAW,3iARi,3fi(ICg3I1TOR,3HARS/ GENT 86
DAIA HHOR,HHBKI-IIRHHRAH1HAR,FHIA,HHAHHB GENI 87

1/2110jR,2IiBR,lliIR2HRA,?HAR,211 A,2HA p211 GENI 88
IIYC 1)=iHtiOX GENI 89
I IY(2 )=IiSPVI GENI 90.
I rYC3)=HHRCC GENI 91
ITYC4)=HHREC GEN! 92
EIY(5)=1*1IRC GENI 93

jIIY(b)=HIIELL GENE 94
ITY(7=IHRAw GENE 95
ITY(8)=HHARB GENI 96
I rY(C9) =HH TEC GENI 97
ITYC 10)=HHTUH GENI. 98
ETY(11)=HHARS GENI 99
IANE 1)=l GENI lob
IANC2)=1 GENI .101
IAN(3)=l GENI 102
IANC4I=2 GLNI 103
IAN(5)=2 GENI 104
IANC6)=3 GENI 195
IAN(7)k3 GENI 166
IAN(8)=4 GENI 107
IAA(l)=H1IOR GENI 108
IAAC2kIiHBR GENI 109
IAA C3 I=HHR 'G.EN 1 110
1AAC4)=HIIHA GqiNI 111
IAA(5)=IliHAR GENE 112
IAA(6)=IHHBA ,GENI 113
IAAC7)=HHA GENI 114
IAA Cd)=11HB GtNI 115

IB[L=HHB ,GENI 1i16
GENT 117

C GENi 118
WRITE (6,901) GENE 119

REAU(5*902)(Ir(E),I=191O) GENI 1.20

WRITE C6,903)CET(I)91=1,1OI GENE 12,1
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REAI(e,04)NRPPNTRIPNSCAL,NBODYNRMAX,IPRINIRCHEK GENT 122
WRIIF (b,905)NRPP,NTRIP,NSCAL,NBODYNRMAX GENT 123

C GENT 124
L RPI' GENT 125
C GENT 126

WRI[F (6,06) GENT 127
LAR= GENT 128
IF(NRPP.Lt.O)(;OFO 20 GtNI 129
CALL RPPIN(LAR) GENT 130
IF(irRR.GT.O)RETURN GENT 131

C GENT 132
C LBODY SIORAbE RESERVE 3*(NRPP+NBODY) WORDS GENT 133
L / ITYP / LDATA / GENT 134

/ LjL ENTLR LIST / LOC LEAVE LIST / GENT 135
C / NUM ENITR / NUM LEAVE / GENT 136
L GENI 137
C LUATA PoINTS TO BODY POINTERS STORED AT LOOD GENT 138
L GENT 139

20 LTRIP=!DOU-3*NTRIP+1 GENT 140
LSCAL:LfRIP-NSCAL GENT 141
LbOTzLSCAL GENT 142
L=LAK GENT 143
LeuI)Y:L+1 GENT 144
LDA IA=LtDY+3* (NI3OCY+NRPP) GENT 145
L:OD=LDAIA GENT 146

C GENT 147
C [RIPLLTS GLNI 148
C GENI 149

F(NIRIP.EQ.O)GOTO 30 GENT 150
WR!TL (6,907) GENT 151
1,0 21 I=bNIRI GENT 152
ll=LIRIP+3*([-I) GENT 153
12=11+2 GFNI 154
,tAIb),')O8)(ASTER(K),K=11,12) GENT 155
WRIIL (6,909)(I,(ASrLR(K),K=II,I2)) GENT 156

21 CONTINUE GENT 157
C GENT 158
C SCALARS GENT 159
C GENT 160

30 IF(NSCAL.EQ.O)GUTO 50 GENT 161
il=LSCAL GENT 162
12=11+NSCAL-1 GENT 163
WRITE (,910) GENT 164
DO 31 1=11,12 GENT 165
J=-11+1 GENT 166
READ)(,9o8)ASHER(1) GENT 167
WRITE (6,909)JASTER(I) GENT 168

31 CONTINUL GENT 169
C GENT 170
C REAU AND PRCLSS BCDIES GENT 171
C GENT 172

50 WRIE (6,911) GENT 173
C GENT 174
C LOOP TO PROCESS SOLIDS GENT 175
C GENT 176

DO 370 N=INBODY GENT 177
NN=N+NRPP GENT 178
LS1:3 GENT 179
REAO(5,912) IC(1),IC(2),IC(3),TTYPEtIC(4),(FXIK),K=1,6) GENT 180
00 51 1=1,11 GENT 181
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IF(ITYPE.EQ.IY(EH)GOTO 52 GENI 182
51 CONTINUE GENI 183

WRITE (6,913iiTYPE GENE 184
srop GENE 185

52 ETYPF.-I GEN[ 186
NBOO( I)=NbOD( I Et GENT L1
K=LBOOV43*f NRPP+N-1) GENI 188
MASFrEK=IYPE*11+LAfA GENE 189
IFCM1.NE.IBL)GOTO 200 GENE 190

C GENE 191
C BOX SPH RCC REC TRC ELL RAW ARB TEC TOR ARS GENE 192

GOrGE 1O1,103,102,101,1Ol,102,101,100,104,1O1,100),ITYPE GENT 193
100 wRErE (6,939)ITY(ITYPE) GFNE 194

STOP GtNE 195
101 LL=4 GENE 196

GOTO 110 GEN[ 197
102 LE=3 GENE 198

GOTO 11t' GENI 199
103 LL=2 GEN[ 200

GOTO 110 GENI 201
*104 LE=7 GkNI 2C2

110 CALL CONVRT(FXEXLE) GEN[ 203
WRITE (6,914)NNEC(1),EC(2) ,EC(3),ITY(ITYPEhE1C(4),(IX(J),J=1,LE) GENE 204
LI=LTREP-3 GENT 205
J1 EXt 1) GENE 206
J2=EX(2J GENE 20t
J3=EX(3) GENi 208
J4=EX(4) GENE 209
J5=EX(5) GENE 210
J6=IX(6) GENI 211
J7=IX(7) GENE 212

C BJOX SPH RCC REC TRC ELI RAW ARI3 TEC TOR ARS GENE 213
GOTO(12O,130,140,120,150,160,120,100,170,150,100), IrYPE GENE 214

C BOX REC RAW GENI 215
120 MASTER(LVATA)=(LT+3*JU)*130+(LT+3*J2)*115+LT+3*J3 GENE 216

MASTER(LOATA+1)=LT+3*j4 GENE 217
LOATA=LOATA+2 GENE 218
GOTU 360 GENE 219

*C S PH GENE 220
130 MASTER(LOATA)=(LT*3*JI)*115.LSCAL+J2-1+130 GENE 221

LOATA=LDATAt1 GENE 222
GOTO 360 GENE 223

C RCC GENE 224
140 MASTER(LOATA)=(L1+3*JI )*130+(LT+3*j2)*E Ib+LSCAL+J3-1 GENE 225

LDATA=LOATA+ I GENE 226
GOTO 360 GENE 227

*C TRC TOR GENE 228
150 MASTFR(LDATA)=(LT+3*J)*130+(L1+3*J2)*115+LSCAL+J3-1 GENE 229

MASTER(LDATA+1 )=LSCAL+J4-1 GENE 230
LOA TA =10A IA+2 GENE 231
GuoO 360 GENE 232

C ELL GENE 233
160 MASTER(LDATA)=(LT+3*J1)*E30+(LT+3*J2)*E 15+LSCAL+J3-1 GENE 234

LUArA=LDATA-1 GENE 235
GOTO 360 GENE 236

C T I-C GENE 237
170 MASTERu..ATA)=(LT+3*Jl)*130+LTr+3*J2)*115+LT,3*J3 GENE 238

MASTER(Lf)ATA+1)=(LT+3*j4)*1304(LSCAI+J5-1)*115+LSCAL+J6-1' GENT 239
MASTERE LDATA+2 )=LSCAL+J7-1 GENE 240
LDATA=LDATA+3 GENE 241
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uj I'L 360' GEMI 242
c R'OX SPH tRCC REC TKC ELL RAW AX6tI EC TOR( ARS GEN 1 244

700 lo.QrL,(ZO1 22,)X202,2oI ,203, Oo220,230,204,2o3.240)t[FYPE GENT 245
201 L-12 GLNI 246

culo 21Li GENT 247
2J2 LL: I GENT 248

u~ v 1 GENT 249
203 u : 8 GL-NI 250

~ ~GE&NT 251
204 L~L=3 GENT 252
210 WRIIL (r,,915)tNN, (a),IC(e),IC(3),ITY(ITYPE) ,IC(4),(FXIJIJXI,63 GENT 253

ALALY(5t94()(F(J)vJ=7tLF) GENT[ 254

L VAX SP~f (CL RIG TRL ELL RAw ARR TEC TOR ARS GENT 256
1auu(2'?u,0.930J,24,25,27G290,300,260,250,300),IrYPE G.ENT 257

GbNI 258
22" ;itITf I ItbtN lC( IL,11() ,IC(3 ) ITY( ITYPE) ,IL(4) #(FX(J)#J:1,4) GENT 259

ujrTo 10. GENT 260
HlI~4 / VI / 6 PE&R AktI GENT 261

23') iR[Tr- (b,-1i', ICtI , IC(2) ,IC(3) , TY( IrYPE) ,tC(4),(FX(J),J=I,6) G ztjI1 262
LALI A~qtRr(FX,LtI~rNOrjI) GLI! 263
60J0 1b* GENT 264

SIRS / LI)ATA /GEN 1 265
241) LALL ARit*L001,LI)AArAMAsrFR,ASLRI~WH) CGLNI 266

i.jTU 36C, GENT 267
cTO CcNVEfd t0 UNIT vEcro)R GENT 268

250 r(():Fk(4) GENT 269
I I 2):t~5GlEN! 270

F[(3): F (6) GENT 271
LALI liJ'II (TI GENT 272
FX(4)=JF (1) GENT 273
I-()=TI (2) GENT 274

FX(o)=:I(33 GENT 275
IF(FX(7).GE.FX(8 C,)rO 2fl0 GENT 276
wt~ite (r,9943) GENT 277
IbRR=IERKU~t GENT 218
Gjur. 280 GENT 279

L. TEC GENT 280
260 FX(I,)):FX(13) GENt 281

IILI'5 GENT 282
TTI I ~f-(7)GENT 283
(11( )~I8IGENT 284

TTL(31=FX(9) GENT 285
TT2C I ):X( 10) GLNI 286
Tr2?2)FX(11l GENT 287
rT2(3)I-X(12) GENT 288
IF(AIIS(D0T( TTI,TT2)) .LC..OI) GOTO 265 GENT 289
WAITE (bt942)NN, TT1,T12 GkI 290
I ERR: IFqRI+ I GENT 291

SEMIl~ MAJOR AXIS FXC 13) GENT 292
265 I-X( 13)=SQRrU( (ftrlTTfl) GENT 293

CALL U'41I(TrI) GbNt 294
F(C1O):TTlI 1 GlENT 295
FX(111=lil1(2) GENT 296
FX(12)=TIl(3) GENT 297

C SEMI MINOR AXIS FX(14) GENI 298
FX(14)= bLRT(DUT(TT2,TT2)) GENT 299

C NORMAL HEIGHT VECTOR 86 GENT 300
CALL CROSS! TT,TrITr2) GENT 301



CALL tJNIT(TI) GENI 302
HONA'=FX(41sTr(1)+FX(51*TT(2)*FX(b)*1TF3) GENE 303
IF (10.1)N)67266 t68 GENE 304

266 WRITF(6,9481 GeNI 305
IERR I ERR+ I GENI 306
GOrO 26t8 GEN[ 307

267 rr(u)=-rEE1) GENE 308
YT (2)=-rE2) GENI 309

rr()=r 13)GENI 310
268 FX(7)=11(1) GENE 311

FX(8)=rr(21 GENE 312
l-X(9)=TE (3) GENI 313
COTO 28G GENE 314

C FiE. COMPUIE FOCI GENE 315
270 IFII04).hQ.lIjULO1O 300 GENE 316

ASQfX(4)*FX(4)FX(2i4FX(5)+FX(6)*FX(6) G:N 1 317
L=SfJRI (ASU-FX(7)4FX(7) ) GENE 318
A:NIJRT(ASJ) GENI 119
FX( I)=A*A GEN! 320

LX,Y,L C0M1'OJFINTS OF FOCI GENE1 321
CX=L*FX(4)/A GENE 32?
CY=E*FX i '5/A GENE 323
LZ=L,*PX(6)/A GENE 324

L V-RILX I AND) - 'Y,L COMPONENTS GIVE 4iH 2 FOCI GLNI 325
)-X( 41 -Fx 11)+ GENI 326
FA(5)=$P12)+CY GENE 327
FX (6) =FX~('3)+Cl GENE 32f,
FX(1)=FX(1)-LA GENE 329
)X(2)=FAM-)CY GENE 330

FA(3=FX()-CZGENE 331
C PIENE NEW ENPUE GENE 332

280 WREEL (c,,b)r1NtiflC(),E(2),C3),TYtElYPE),IC(4),tfX(J),J=1,6) GENE 333
WRiIfF (of9I6)(FX(j)9j=7,L-) GENE 334
CGO 30 GENE 335

C [tic C14FCK RI.Nt .R2 GENE 336
2(15 IF(FX(7.NE.lX(?M6u0 300 GENI 337

WiRIIE (6,944) GENE 338
IERR= EERR+ I GENE 339)
COTO JOU GENE 340

L [BOX RAW REC CHECK IF VECTOR~S AR~E PERPENDICULAR GENE 341
290 EH(ABS(X(4)*FX( 7).FX(5)*FX(8)+FXc)FX(9)).LE.U.0)GOTO 291 GLNE 342

WRITE (o,942)ENt(FX(J),J=4,9) GENI 343
IERRk EFRR+l GENE 344

291 IF(ABS(FX(4,*FX(1O)+FX('))FX(11)FX(6)*FX(12)).LE.O.ofl(;OTO 292 GENE 345
WRIF (bt942)tNNFX(4),FX(5)tFX(61,FX(IO)tFX(I1),FX(12) GENE 346
1ERRt=EERR+I. GENI 347

292 IF(A13S(FX(7)*IX( 10)4FX(fU*FX(11).FX(9)*FX( 12)).LE.0.01)GOTO 3C0 GENE 348
WRE bE (b,942)NN, EFX(J) ,J-7, 12) GLNE 349
IEkRIERR. 1 GENI 350

C GENE 351
C BOX SPH RCC RIC TRC ELL RAW ARB TEC IOR ANS GENE 352

300 Goro(31J,320,330,310,34LJ,330,310,23o,350934o.2403.IrYPF GENE 353
C E3OX RUC RAW / vi / V2 / GENE 354
C / V2 / V3 / GE-NI 35)

310 CALL SEE3(EWIIASTERMASfERFX( 1),FX(2),FX(3),L8OT,LDATA,NOQ,LSI) GENE 356
MASTLR(LDATA)=IWH*E L5 GENE 357
CALL SEt311Wt$ASTER,MASTEiRFX(4),FX(5),FX(6),LIIOT,LDATA,NDQ,LSI) GENE 358
MAsrER(LV)ArA)=MAsrf-R(LDATA)+IWH GENE 359
CALL SEE3(IWH,ASTER,MASTERFX(7) ,FX(8),FX(9) ,LBOTLDATA,NDQLSIE GENE 36G
MASTER~(LI)ATA+1 1= WII* 115 GE-NI 3611 S7



CALL SEF3Uv4H,ASTEHtIAASTEI~FX(10),FX(11),FX(12), GENI 362
I LIICT#LUiATA,NI)0,1SI) GENT 363
MASTERCLDArAt1)=MIASTER(LlATA+1 )+IWH GENI 364
LO)ArA=LDATA+? GENI 365
GO) 10 360 GENT 366

C SPH /VI /Rl/ GENT 367
320 CALL >EE3(TWliIASTFHM4ASrEK,FX(l),FX(2),FX(33,LEB0TLDATANDQILSI) GENI 368

MASTtY(L0AlAk T'WII* I j) GENI 369
L~=1GENI 370

CALL SEE3(IW1-IASTER,MASC~(#FX(4PFX(4),FX(4)L30TLUAA,NDQLS1) GENT 371
UL =, GENI 372
PASILR(LCATA):MASTER(LDATA) +lWH GENT 373
L1) A I A =L t)A I A + I GENT 374
bUur 36,) GENI 375

C RCC FLL /VI/ V2 / GENI 376
L / R~I /GENT 377

330 CALL sEr"3(IWMAsTERMASTERFX(l),FX(2)tFX(3),L3OTtLbATA,NDQ,LS13 GENT 378
h A STFR ( L.A T A) = I w 4 * IP GENI 379
C.4L-1 SEE 3( ~I ivASrE,~MASrFER,FX( 4),FX( 5),9FXc6) tLrIT9LCArA NDQPLS1 ) GENT 380
MAStlRL( LDATA)=MASTERCLATA) $IWH GENT 381
LSI:I GENI 382
CALL SEC-3(TWIIASTElioMSTEAIFX(7),FX(7),FX(7),LB0TL0ATA,NDQLSI) GEMT 383

Lb~.GENI 384
P.ASTER(Lr)ATA+1)= IwH GENT 185
L0AfA=LI)ATA*? GENT 386
~UU IV 36 GENT 387

C 1,<C TOR / VI V2 /GENT 388
C / fR1 R2 /GENT 389

340 CALL SFZ3(JW1iASTERMlASR,FXI),FX(2),FX(3bLicTLATAND0,LS1) GENT 390
MASL~CDAA)=WH*15GENT 391

L ALL SEL3(1hH,ASTER,MASIER,I-X(4)tFX(5)tFXI6hvLBOrLDATAN0QLSI) GENT 392
%'ASTLfU(L[ATA)=MASTER(LDATA)+IWH GEN[ 393
LS1=1 GLI 394
CALL SF,:3(lilIIASTERMASTERFX(7),FX(7),FX(7),LaOTLvATAN0QcLS1) GLNI 395
mASTFRCLf)ATA+1)=TWH*115 GENT 396
L ALL SE'3(16hH,ASTL-RMASTER~,FX(8BtFX(6),FX(8)L30T,LIATA,Nt)QLS1) GENT 397
LSI=) GIENI 398

*MASTER(1CATA+I ).PASV'ER(LDATA+1 3+IWH GENT 399
LDATA=LUArA+2 GENT 400
UO TO 360 GENT 401

*C TEC /VI /V2 /GENT 402
C /V3 /V4 /GENT 403
C / l R2 IGENT 404
C/ / R3 /GENI 405

350 LALL SEE3CIW 'ASTER,MASTFR,FX(1),FX(2),FX(3),LBOT,LUATANDQtLS1) GENT 406
tlASrER(LDArA)=TwH*1i5 GENT 407
CALL tEE3(IWH,ASTEHMASTER-FX(4)tFX(53,FX(6),LB0TLO)ATA,NDQ,LSI) GEN[ 408
MASTLRCLDATA)=MASTLR(LDATA)+lWH GLNI 409
CALL SEE3(lWt,ASTER,MASTERtFY(7)FX8)tFX(9),LB0T,LDAIA,NDQLSI) GcNI 410
MASTEK(LDATA+U)=TWH*115 GENT 411
CALL SEE3(IWH,ASTER,MASTER,I-X(10),FX(11),FX(12), GLNI 412
1. Lb0I,LDATA,t:D0,LS13 GENT 413
MASTEK(LI)ATA+1)=lMASTfR(LDATA+1)+IWH GENT 414
LSll GENT 415
CALL SEEJC[h~i,ASTEk,MASTER,FX(13),FX(t3),FX(13), GENI 416
1 LhCTLf)ArANDOL!SL) GENT 417
MAS TERT LDAT4+2 3= WH*T 15 GENT 418
CALL SEE3(TWIHASTEtR,MASTERFX(14),FX(1t),FX(14), GENT 419
I LBOT,LDATAtNDQ,LS1) GENT 420
MASTER(LIOATA+2 )=MASrER(LUATA+2 )+IWH GENT 421
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CALL SEE3(IWHtASTERMASTERFX(15)tFX(15),FX(15), GENT 422
1 LBOTiLDATAtNDQ,LSI) GEN[ 423
LSI=O GENT 424
MASTER(LDATA+3)=IWH GENT 425
LDATA=LUATA+4 GENT 426

C CHECK IF ANY MORE ROOM FOR SOLID DATA GENT 427
360 IF(LDATA.LT.NDQ)GOTO 370 GENT 428

WtITF (6,917)LDATALBOT,NDO GENT 429
STOP GENT 430

370 CONTINUE GEN' 431
WRITE (6,918) GENT 432
w.<ITE(6,947)IY,NBOD GENT 433
WRIIE (6,945)LBASE,LRPPD,LABUTLBODYLBOD,LUATALBOTLSCALLTRIPNGENI 434

ADO GENT 435
C GENT 436
C IRANSFEr ASTER(LbOT - NDQ) [0 ASTER(LDArA - LDAfA+LSUB) GENT 437
C GEN1 438

LI)=LDATA- 1 GENE 439
LSUB=LBI) T-L 0-1 GENE 440
00 3(5 I=LBOT,NfGO GEN: 441
ASTER(LUAIA)=ASTFRiI) GENT 442
LDAFA=LI)ATA+ GENT 443

375 CONTINUE GENT 444
C UNPACK POINTERS AND ADJUST FOR TRANSFER GENT 445

K=LdCDY+3*CNRPP NBODY) GENE 446
I 390 I=K,LD GENE 447
CALL UN2(I.I,I2) GENT 448
II. NE.O) 11=11-LSUB GENT 449
IF(I2.NE.O)12=12-LSUB GENT 450
MASTER{I)=I1*115+12 GENT 451

390 CONTINUE GENt 452
C GENT 453
C REGION STORAGE GENT 454
C LRFGD / LOC BODY LIST / NUM OF BODIES / GENT 455
C LOATA / CPLRATOR / BODY NUM / GENE 456
C GENT 457
C GENT 458

WKITE (6,920) GENT 459
N=O GENT 460
J=0 GENT 461
LREGD=LUATA GENT 462
LDArA=LUATA+NRMAX GENT 463
LREGL=I.DATA GENT 464

C GENE 465
C READ REGION GENT 466
C GENT 467
400 READ(5,921)IR,(IA(I),IN(1)tI=l,9) GENT 468

C CHECK VALIDITY OF REGION DATA GENT 469
DO 410 I=I,9 GENE 470
IF(IABS(IN(I)).LF.NRODY+NRPP)GOTO 410 GENT 471
WRITE (6,922)IRE GENT 472
J=J+t GENT 473

410 CONTINUE GENT 474
C GENE 475
C STORE REGION UATA GENT 476
C GENT 477

IF(IR)440,420,421 GENE 478
420 WRITE (6,923)(IA.(I),IN(I),I=1,9) GENT 479

GOTO 430 GENI 480
421 N=N+I 89 GENT 481



WRE ii (6,924 ER# C AC I )jlI1)v1=Iq9) GENI 482
M=LRFGD+.N-l GENE 483
MASrERC(M)=LCJArA*E js GENI 484

c CHELK OPERATOR GENE 485
430 I06 43> 1=1,9 GENE 486

u-. 431 K=1,8 GENE 487
IFCEACI).EQ.IAACK))GOTO 432 GENE 488

431 C')NT~IrUt GENE 489
WAITE (61925)IA(IE),I GENE 490

STOP GENI 491
432 IACE)=IAIUK) GENE 492

IF( E'C 1)3433,40,434 GENE 493
433 IACE)=4IACE) GLNI 494

IN([3 -IN 13GENT 495
434 MAsr FR(LLbArA3=EA i )*11b+EN( 13 GENE 496

L04rA=LL'ATA+l GENE 497
MASTF.Rdm)=MASTE4( M)+l GENE 498
IFCLI)Ar..Lr.NLbC)(;0i)1 435 GENI 499
or'E1TC (b,927)LDATA#NUQ GENE 500

S w~GENE 501
435 CON T 14U!- GtNE 502

GOTO 40J GENI 503
L GENE 504
C EN4U ILGIL41 READ GtNE :W5

C GENE 506
440 EF(.~,.E.RlAX)GOT0 441 GENE 507

wiREIt. (c,026) R GENE 508
STUP GENE i09

441 IFCJ.LF.ChGurb 442 GENE 510

wKRIT (6t941) GEN[ 511
SI Op GENE 512

442 WR~fF (60928) GEN[ 513

C GENE 514

C IF(IRCHEKoNE.U)TFST REGION DATA GENI 515
C (FR~rR IF P.3INT CAN RE IN MORE THAN I REGION) GENE 516

c GENE 517
IP(IRCHbK.E(,..NO)GOT0 500 GENE 518

WR~Ilh (6,937) GENE 519

LL=O GENE 520
mE s=r GENT 521

C GLNE 522
00 456 1=lt~kMAX GENE 523

JJ=I+1 GENI 524
00 455 J=JJNI<MAX GENE 525

KRI=LR{E(;[)+I-l GENI 526
LALL UN2CKRILOCINUME) GENE 527

KRJ=LREUt)4J- I GENE 528

CALL 0IJ2CKRJ#LOCJPNUMJ) GENE 529
IF(NUME.Gh.NUiJ)GOTO 450 GENE 530
1O=NUMl GENE 531
ElI =-Nt, I~ GENE 532

UO0TO 451 GENE 533
450 10=NU)MJ GENE 534

I I='JUIM GENE 535
L=LOC C GENE 536

LOCE=LOLJ GENI 537
L.OC J=L GENI 538

C GLNE 539

451 DO 453 KO=1#10 90 GENE 540

KLK=LOJC I+KO-1 GENE 541



CALL LN2(KLK,IOPO,NBO) GENI 542
00 452 K1=1,II GENI 543
KLK=LOCJ+KI-l GEN[ 5q4

CALL IJ2(KLK,IOPI,NBI) GENI 545'
IFUOPO1.NE.IOPI)GOTO 452 GENI 546
IF(NBJO NIE.NBI )GOTO 452 GENI 547
v.IS=MIs4A GENI 548

GOTO 453 GEN 1 549
452 CON r I NE GENI 550
453 CONTINUE GENI 551

IF(MIS.NE.II)GOTO 454 GENI 552
WRlt 16,929)JI GLENI 553
11=11+1 GLNJ *5

454 tMIS=O GENII 555
455 CONTINUE GbNI D56

Wt(IIE (6,930)1 GEN! 557
456 CONT INUL- GENI 558

IF(LL.Gr.O)STOP GENI 559
Wi(i)- Cb6037) GENI t)60

C GENI1 561
C IS+ NLIGTBESTOR~ED BY 115 GttjI t)62
C WHICH kEGIONS (J) A RAY MIGHT BE IN IF IT GhNI 563
C EWJERS A GIVENJ BODY (1) GLNI 564

*C IS=-l LEAVING TABSLE STURED BY I GEN[ 565
C WHICH REGIONS (J) A RAY MIGHT GO INTO IF IT GLPNI 56t
C LcAVES A GIVEN BOUY (1) GL-NI 561
C GEN 1 568

500 IS=-l GlENI 569
NN=NbiL- Y+t4RPP GENI 570
LENLVzLDATA GENI :)71
00 D90 MMM=1,2 GLNI 572
00 560 I11NN GIN!1 573
M=L BO)Y+ 3* (1- 1) GFENI 574
IF(IS.GF.O)tu0 TO 510 GEN 57'
MASTER(M+1 )=ASTER(1M+1)tLOATA GEINI 576
GO 1(# 520 GENI 577

510 MASiFR(M+1)=MASTER(M+1 )+LCAIA*115 GENI 57A
C GENI1 519

520 00 570 J=1,NRMAX GENI t~hO
I TEMP=LIRFGC+J-1 GtNI ,Al
CALL UN2(ITEMPtL0CNC) GENI '562
CALL UN2CLOC9IOP,DUM) GLINI 581
D0O 6 tNtC (GENI 584
MM=L'.C+IJ-l GENI 585
CALL UN2CMMIOPER,NUP) GtENI 586
IFCJl~jM.-lE.I)G0TO 560 GtNI *581
IF(IOP.EQ.1.CJR.IOP.EQ.5)GOfO 540 GENI 58F

IF(IOPER.GT.4)GOTO 530 GeNI 'i89
IF(I' IS)5b0,550,560 GENI 590

530 IF(IS)+1)560#551,5bO GENI 591
540 IF(IS.LT,0)GOTO 551 GENI 592
550 MA$TEk.(M+2)=MASTERCM+2)+I15 GL-NI 593

GO 10 552 GENI 594
551 MASTE'R(M42)=M~ASTFR(.M+2 [.1 GENI 59'
552 MASTER(LOATA)=J GENI 54U,

OATIA= L)A TA +1 GLNI 597
IF(LDATA.LT.NUO)GOTO 570 GENI 598
wRITL (ov931)LDA-TAPNDOtPMM,l GENI 600
ST OP GN

560 CONTINUE 91GENI 601
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570 LONrINUE GENT 602
580 COtiTINUF GENT 603

wRITE (b,'38)I*'m GENT 604
IS=LS+2 GENT 605

590 LOWrTNUE GENT 606
C RIN STORAGE ROUT STORAGE GI TEMP STORAGE GENT 607

Ll=LI)ATA-i GENT 608
NN=tJRPP +tIOCY GENT 609
LRTN=1OAT4+1 GENT 610
LAOr=LRIN+N% GENT 611
LI O=LHO I' N? GENT 612
LEGEOM=L TOfNN GENT 613
WRItf (tb,93?)LEG 010 GENT 614
WRITF (6,919)IREGDLRFGLLE.NLVLRTNLROTLTOLEGEOM GENT 615

C GENT 616
*C PRINI F.UrFRING AND LEAVING IABLF GENT 617

UGENT 618
IF (IFI,,TLV.EC.NO) RFtURN GENT 619
Wi{I II(6,q46) GtNT 620
NUNR=JivDY+NRPP GENT 621

L GENI 622
DO 6')~' .j= , NBiR GENT 623
LOC4t.OODY*3*(N-I) GENI 624
LOC=L'9C+ 1 GENI 625
LALL 1NMOLtLENTILEAV) GENT 626
LOC=LJC~ I GENT 627
LALL tNM(OCNEINTNEAV) GENT 628
J I IfNT GENT 629
J2 =LFNT sIJE.N r- GENT 630
WRI IL (b,913)N,JIIJ~t(MASTER(K),K=JltJ2) GENT 631
JI=LLAV GENT 632
J2=LEAV+NEAV-1 GENT 633
WR!ID: (b,934)NJlJ2,(MASTER(K),KsJlJ?) GENT 634

600 CONfINUL GENT 635
C GENT 636[
C MASIFR-ASTER ARRAY IUTPUT GENT 637

L GENT 638
IF( iP'TN.LQ.0)R6TU'J GENT 639
WRIf- (&,935) GENT 640

C GENT 641
DO b20 i(=LBASE,L193 GENT 642
IK=K GENT 643
Ip(2:i(2 GENT 644
P~ot GENT 645
00 t,10 T~TKvII(2 GENT 646
M=M. I GENT 647
CALL UN2IT,TI,T?) GENT 648
NO1(M)=I 1 GENT 649
tU2(M)=12 GENT 650
0(4M)=ASTER( I GENT 651
NOO(l1 GENT 652

610 CONTINjUE GENT 653
WRIrE (6,936) (NOO(L~tNO1(LbtNO2(L),04(L),Lzl,3) GENT 654

620 CONTINUt: GENT 655
RE TURN GENT 656

~ i)GENT 657
C GENT 658
c GENT 659

SUBROUTINE RPPIN(LAR) *** 15
DIMENSION MASTER(30000)tX(6) 92 RPPIN 2



COMMON ASrER(3OOOO) RPPIN 3

COMMON/GEOM/LBASERINROUTLRI ,LROPINF ,IERRDIST RPPIN 4
(OMON/UNCGEM/NRPPNTRIPtNSCAL 1N8ODY,NRMAXLTRIP,LSCALLREGD, RPPIN 5

I LDAIALRINLROTLIOLOCDAI15,130,LBOOYNASCKLOOP RPPINJ 6

COMMON/RtAPP/Lf(PPVLABUT RPPIN 7

EUIVALENCE(MASTER,ASrER) RPPIN 8

c RPPIN 9

910 I-OkMAT(bFI2.6) RPPIN 10
920 F0RMAIC I8,17X,6F12.5) RPPP'J 11
930 FORMAT(1H0,27HERROR IN DESCRIPTION OF RPP9I5,5X,1OHMIN.GE.MAX) RPPIN 12

940 IOMAM(HO#27HERROR IN DESCRIPTION OF RPP,7X,11,OXiO) RPPIN 13

950 FORHAT(IOX,7HSURFACE, 15,8X,2E20. 6) RPPIN 14

C RPPIN 15
C N IS A~PP NUV8ER J IS SURFACE NUMBER RPPIN 16
C RPPLN 17

L MASTFR-ASTER STORAGE FOR RPP RPP IN 18l

C RPPIN 1')
C L8ASU - RP1P POINIERS RESERVE 12 WORDS/RPP RPPIN 20

C / / RPPIN 21

C / / K / RPPIN 22
C I (POINTER TO LIST OF ABUTING RPPIS) RPPIN 23

LJ (NUM4 OF RPPIS THAT ABUT THIS SURFACE) RPPIN 24

cK (POINIER TO MIN OR MAX CORRESPONDING RPPIN 25

C TO; THIS SURFACE) R P V 1: 26

c RPV IN' 27
G. L0cPOt -PP DATA STAR~TING AT LBASE + 12 * NRPP RPPINJ 2$

C MIN OR MAX K POINTS HERE RPPIN 29

L RPPIN 3C

L LABUT TO LBODY-1 RPPIN 31

c LIST OF ABiUTING RPPIS PACKED I OR 2/WORD RPPIN 32
C I POI1NTS HERE I1 / 2 IRPPIN 33

c J CONTAINS NUMBER IN LIST RPPIN 34

c RPPIN 35

IE~t(=CRPPIN 36
N=i RPPIN 37

I=1.(%ASE, 12*NRPP RPPIN 38
LkPPDzI RPPIN 39

10 READ(5,910)(XIJ) ,J=196) RPPIN 40
WRITE It,92O)Nt( X(J) ,J=I,6) RPPIN 41

DO 20 J=1,6,2 RPPIN 4?

IF(X(u.LT.X(J+1 GOoro 20 RPPIN 41

WRITF (b,93U)N RPPIN 44

STOP RPPIN 45

20 COININUE RPPIN 46

C RPPIN 47

L STORE MIN AND VAX BEGINNING AT LBASE *12 *NRPP RPPIN 48
CRPPIN 49

00 33 J=1,6 RPPIN 50

I I=LBASEt12*NRPP RPPIN 51
L=L6ASE+ 12*(N-1) 42*( J-1) RPPIN 52

30 IF(II.LT.I)GOTO 31 RPPIN 53
ASTER( I =X(J) RPP[N 54
MASTER(L+1h1l RPPIN 55
1=1+1 RPPIN 56

GOTO 33 RPPIN 57

C CHECK FOR DUPLICATION RPPIN 58
31 IF(X(J).EQ.ASTER(Il)GOTO 32 RPPIN 59

IIzI 1+1 RPPIN 60
GOfb 30 RPPIN b1

32 MASTER(L+1)11l 93 RPP IN 62



33 CONTINUE RPPIN 63
IF(N.uE.NRPP)GOrO 40 RPPIN 64
N=N+l RPPIN 65
GOTLI 10 RPPIN 66

L RPPIN 67
40O LABLI1Il RPPIN 68

LAST=1-l RPPIN 69
L=LAS r RPPIN 70

L RPPIN 71
C SEARCH FOR At3UTING RPPOS TO SURFACE RPPIN 72
c RPPIN 73

) 57 1=1,NlRPP RPPIN 14
00 57 N=1,6 RPPIN 75
LL=0 RPPIN 76

M:1RPP!N It
K=Lt3ASE+j2*(1-fl+2*(N-1) RPPIN 78
MASTLR(K )=(L# j)* I15+MASrE-R(K) RPPIN 79
NC= 3vN- L-4*(N/?) RPPIN 80O
DO 56 J=1,NRIIP RPPIN 81
IF(IIFQ.J)GUru 56 RPP!N 82
IF(S(WJ).Nt.S(J,NC))GOTO 5o RPPI.N 613

C RPPIN 84
D0 53 K=1,3 RPPIN 85

~1N~4~CRPPIN 86
K4lz4tK-I RPPIN 87
IF(NN.f-W.K41lG0T0 53 RPP[N 88
K?22K RPPIN 89
K2 1=x2-I RPPIN 90
lrF(S(I,K21).GT.S(JK2MfG0T0 50 RPPIN 91
IF(S(J,K21).LT.S(IK2 MJOTO 53 RPPIN 92

50 IF(S(1,K21).GL.S(J,K2 ))GOTJ 51 RPPIN 93
IF(S(J,Kt2 ).LL.S(1,K2 M)OTO 53 RPPIN 94

51 IF(S(1,K2 ).GT.S(J,K2' M)OTO 56 RPPIN 95
IF(S(1,K21).LI.SIJ,K21))GOTJ 5b RPPIN 96

53 C0!Mr[OUE RPPIN 97
tA=-tM RPPIN 98
IF(P.LT.O)GOTJ) 54 RPN9
MASTLR(L )=MASTER (Lfl-j RPPINIOO
(;OTO 55 RPPINIOI

54 L=L+1 RPPIN102
MASTC-R(I.)=J*115 RPPIN103

55 LL=LL+l RPPIN104
56 CONT I N~ RPPIN105

K=LI3ASE+12*( 1-1)+2*(N-1) RPP 1N106
MASTER(K)=MASTEiR(K)+LL RPPIN107

57 CONTINU - RPP IN108
C RPPIN109
C TEST VALIDITY OF RPP DATA RPPIN110
C RPPIN111

IF('RPP.LE.1)COTO 63 RPPIN112
c RPPIN113

1)0 b2 J=1,6 RPPIN1 14
NRPP1=NRPP-'L RPPIN115
00 61 I,NRPP1 RPPIN116
JJ=LBASE-12*( 1-1 )+2*(J-1) RPPIN117
CALL U.N2(JJIDU)M,121 RPPIN118
I 3=MASTFR( Jj+lj RPPIN119
IF(12.NE.O)GOTO 61 RPPIN120
11=1+1 94 RPPIN121
DO 60 K=IINRIIP RPPIN122



'tK=L,6ASEt12*(K-1 )+2*(J-1) RPPIN123
CALL UN2(KK,IDUM,15) ,RPPJN12t
16=MASTbR(KK+1) RPPIN125
IF(15.Nti.O)GOIO 60 RPPI.NI26
IF(I3.EQ.'163G0r0 60 RPP[N127-
IRR=IERIR+l ;RPP IN128

WRITI: (6,940)1,K RPPIN129
WIfIF (6t950)J,ASTl:R(I3),ASFER(I6) *RPPIN130

60 C0NT INUt U RP)PIN131
G'3TO 6?2 RPPIN132

61 CONTINUE *IRPI' I N 1,3 3
62 CONTINUE RPPINL*34
b3 LAR=L RPPIN135,

RETURN R1PPINI36
END IRPPINI37

C RPPINI38
C RPPIN139

SUBROUTINE ALBERI(FX,1130TtNDQtLSI) ~l
DIMENThSION MASTER(30000),1A(6,4!),AA(8,3),F(4),FX(b) ALBERT 2
COMMON ASTER(30000) AL BEllT 3
COMMON/UNC;GEM/NIIPP,NTRIPNSCAL,NBOLpYNRMAX,CITRIPLSCALrLCREGD, AiLBERf !

I LD&IALRIN%,LRIUt,LIOLOCCA,1.15,13 O,LBODYNASCKLOOP ,ALBERT

COMMONJ/(,OM/LIAS,RIN,ROUT,LRILRO,PINF,IERRDIST * ALBERT 6
LQUIALLNE(AsFRVS~bR ALBERT 7

C LtIAtC(SF~~SI)ALB-R1 8
901 FORMAT(25X,61F12.5) ALBERT 9
902 FORMAT(IOX,b(1X,411)) ALBETIC
903 FORMAM(OX,6EI.O.3) ALBERT 11
904 FORtAT(25X,6(4X,4I2)) 4LBERT'12.
905 FORMA T(11-10915H-UNI)EFfNED PLANE),a ALBFR 1 3'
906 FORMAT(lx%10(EI.I.4)) AUB3ERI 1'.
907 FORIMAT(101,26IIFOUR POINFS'NOT IN A PLANE) IALBERrI5

908 FORMAT(1IO,25HEtUROR IN SIDE -DESCRIPTION) ALBERrF16
*909 FORMATIHO,16HOEGENERATE PLANE,15) ALBERT17

C AI!LB I IS
K=1 * ALBERth9
00 10 1=1,2 I ALE5ERT2O
00i 10 J=1,3 ALBERT21
AACI,J)=FX(K) ALBEORI22
K=K+l ALBERI23

10 CONTINU: *ALBI:RT24

READ15t903)((AA(ItJ),Jzl,3),1-3t8) . LBERT25
READ(5,9C2)((IA(I,J),j1, 4),11,:6) ALBERT26
witI TE (6,901) (IAA( I,JbvJ=l,3),I=3,8) .ALBERT27

WRIVL (6,904)((IA(ItJ)vJ=1,4)tI1,6) ALBERT28
c ALBER129

DO 70 1=1,6 ALBERJ,30
IX=IAC 1,l) 'ALSERT31

1Y=IA CI,2) ALBERT32
IZ=IAC 1,3) ALBCIERF33
X1=AACIK,I) , ALBERT3'4
YI=AA([X,2) ALBERT35
LI=AA(IK,3) ALBERI3o
X2=AA(IY,1) 'ALBERT37,

Y2=AA(Iv,2) *ALb3ERT38*

12=AA(IY#3) ALBERV 39
X3=AA(IZ,1) ALBElIT40
Y3=AA(IZ,2) ALPERT41
L3=AA(IZ,3) ALBERT42
[D=XI*C Y2*13-L2*Y3)--X2*CYl*Z3-Z 1*Y3)+X3*( Yl*Z2-Z1*Y2) ALBERT43

95



A ( -Y?*L3tt2*Y3+Y1*l3-Z1*Y3-Y1*Z2+Zl*Y2) ALBER144
L=Cx2*73-12.Xj-X13+X3*11+X1.Z2-Zl*X2) ALBERT45
C=1Y*XI..X2*Y3-Y1.X3tXIsY3+Y1*X2-X1*Y2) ALBERT46
DL2=(X1-X3)**2+(YI-Y3)**2,(Zl-Z3)**2 ALBERT47
A2hs2C2=A*A+B*B+C*C ALBERT48
IFIA2B2C?.-NF.C.)GOTO 21 ALBERT49
WRI i. 690) ALBERT50
U=iAS (D) ALBER151
Gi3IU 61 ALBERT5S2

21 01210=012*1.OE-12 ALIIERM5
IFI A2tbC2.GI.I2 I0)GTO 22 ALBER T54
WRIT: (6,905) ALBER 15
WRIFF (b,906) I,A,B,C,C,D12 ALBERT56
IERi=IERK+l ALB~ER T57
G.;TO 70 ALBER T5

22 S=SQRI(A2t32C2) ALBER rsq
wX=A/S ALBERr60

ALBER r61
VI=L/SALBER r62
IC~ I~(1.4)ALBER f63

X4=A(IC, 1) ALBER f64
Y4=AAI IL,2) ALBERI65
Z4zAA( IC*3) ALBER T66
D2:(-[D-IA*X4)-(B*Y4)-CC*Z4) )/( (A*WX)+(B*WY)+(C*WZ)) ALBERT67
U22=D?*1u2 ALBERT68

riff, NEXI LARDI BYPASSES MHE 4TH POINT TEST ALHERF69t
C IF(0?2.LF.0.)1),r0 30 PRINT 907 S IERR=IERR~1 ALBERT70

IFlD2?.L1..1)G0O 30 ALBER171
WRIIE (6,901) ALBERT72
[ERR= IERR+l ALBERT73
WRI rC (6q906)lIpA9BtCvDtDl2tU2 ALBERT74
GOTU 70 ALBER T75

C ALBERT76
30 O 31 K=1,4 ALBER177

F (K) =C. ALBERT78
31 CONTINUE ALBERT79

1=1 ALBIERT80
00 32 J.~1,8 ALBERr8l
IF(J.EQ. IX.OR.J.EQ.IY.OR.J.EQ.LZ.OR.J.EQ.IC)GOTO 32 ALBERT82
F(L)=A*AA(J1)413*AA(J,2)+C*AA(J,3),U ALBERT83
L=L+ I ALBER184

32 CONI'INIJL ALBERT85
M=O ALBERT86
N=O ALBERT87

J=O ALSERT88
C ALBERT89

DO 44 L=194 ALBERT90
IF(AF'S(F(L)).LE. 1.02-6)GOTO 42 ALBERF91
IF(F(L) )41,42,43 ALBERT92

41 M=M+l ALBERT93
GOTO 44 ALBERT94

42 N=N*1 ALBER195
GOTO 44 ALBER196

43 J=J4I ALBERT97
44 CONTINUt ALBERT98

C ALBERT99
IF(N.EQ.0)GOTO 51 ALBERIOO
IFfM+N.EO.4)GGTO '60 ALBER101
IFCJ*N.z:0.4)GOTO 61 ALBER102
GOTO 52 96 ALBER103



51 IF(M.EQ.4)GOTO 60IF(J.EQ.4)GOTO 61 ALBER104
52WIE(6,908) ALBER105
WRITE (6,906) I,AB,CtD02,02, (F(L),L-1,r,) 

ABRGOTO 70 
AL BER 109
ALBER109

8=-B 
ALBERIIO8=-B 
ALBER111

AL BER 11361 CALL SEE3 (IWHASTER,MASTERABCLBOTtLDATANDQLI 
ALBER115MASTEk(LOATA)=IWH 
ABR115 1=1 
ALBEkIllCALL SEL3(IWiIASTERMASTERUDDLBOTLDATAtNDQtS)ABR1

LS1=O 
ALBER119MASTER(LDATA)=MASTER(LDATA)+IWH*Ill 
ALBER1204LDATA=LDATAt1 
ALBER12170 CONTINUE 
ALBER122RETURN 
ALaER123END 
ALBER124C 
ALBER 125C 
ALBER126SUBROUTINE ARIN(LBOT,LDATAI4ASTERtASTERtIWH) 
**** 17DIMENSION MASTER(30000),ASTER13

0 0 0 0 ) ARIN 2jCQMMON/UNCIE/NN, IC(4) 
ARIN 3c 
ARIN 4C SEE ARS SUBROUTINE FOR STORAGE IN MASTER-ASTER ARRAY ARIN 5

CARIN 
6901 FORMAT(1cX,2110! 

ARIN 7
902 FORMAT(1OXc,6EI0.

3) 
ARIN 8903 FORMAI18,lX,3At2X,3HARS2XA4,6X

9HiUMBEROFCRE S1t AI 9
I 5X29HNUAIBER OF POINTS PER CURVE IS,16/) ARIN 10904 FOR.MAT(25X6F12.51 

RN iC 
ARIN 1C~~~I 1A2 NMO CREC NAX = NUM OF POINTS/CURVE1

READ(5t90l)M~AX,NJAX 
ARIN 16WRITE (6 ?9O3)NNd(IC(I),Izl,4)tNAXNAX 
ARIN 17LBOT=LBOT-4*MAX*NAX..C2 
AKIN 18IWH=LBOT 
ARIN 19MASTER(L0ATA)[IWH 
ARIN 20LDATA=LDATA,1 
ARLN 21c DO 50 M=1,MAX 
ARIN 23Ll=LBOT+q2+4*NAX* CM-I) 
ARIN 2L2=L1+4*NAX1 
RN2REAV(5,902)c4STER(L)ASTER(L.1)tASTER(L

1 2 )PLLt~4 ARIN 26WRITE (6l9O4U(ASTER(L),ASTER(L+)ASTER(L+)L=LI
2 t4 ) ARIN 27WRITE (60904) 

ARIN 2850 CONTINUE 
ARIN 29MASTER(LBOT)ZO 
ARIN 30MASTER(LBOT+1 )=MAX 
ARIN 31MASTER( LBOT+2)=NAX 
ARIN 32RETUkN 
AKIN 33END 
ARIN 34C 
ARIN 35

C SUBROUTINE SEE3( IWHtASTERtMASTERFXFXXFXXXLBOTLDATANDQtLSI) 
A 1I83

97



U114hNSl'ON ASTER(30000)lMASrER(30000) SEE3 2
C SEE3 3
C ST~kIFS (I!PLErS AND SCALARS IN MASTER-ASTER ARRAY SEE3 4
C SEE3 5

IFILSI.N\L .0)oro 50 SEE3 6
C RIPLLTS SEE3 I

IF ( LBo.GT.N0Q)GOI C 20 SEE13 8
NDQ2 Dlvj- 2 SEE3 9
DO 10 I'L60T,NDQ2 SEE3 10
IF(ASFL.l)NE.FX)G0TO 10 SEE3 11
lF(ASlEA( I+13.NE.FX~x)GO0rz 10 SEI:3 12
IF (ASU'Fh< 1 2) .NE .F XXX) 6010 10 SEE3 13
IWHzl SEE3 14
RE I URN SEE3 15

10 CON T INUc SEE3 16
20 ASrER(LUOr-1I=FXXX SEE3 17

AS1LR(LilOT-2h=FXX SEE3 18
ASTFR CLt3OT-3) :FX SEE3 19
L ti 0T=11%' T- 3 SEE3 20
IwliVLIIGT SEE3 21
IF(LflOT.LE*LDATA)W'U TE (6#30)LBOT,LDAIA SEIE3 22
RE~T URN SEE3 23

30 FORmAT(IH0,22HMEMORY OVERLAP IN SEE3j5X,5HLi3OT=,I10v SEIE3 24
I 5X,6HLr~fA=tllO; SLE3 25

CSEE3 26
C SCALARS SEE3 27

50 00 60 I=LBOINDQ SEE3 28
IF(ASrERII) .NE.FX)G0TO 63 SEE3 29
IWH= r SEE3 30
RETURtN SEF3 31

60 cowNuL SEE3 32
ASTER(ILBOT-1 )=FX SEE3 33
1101= LBOT -1 SEE3 34
IWH=LHO I SEE3 35
RETUkN SEE3 36
ENDI SEE3 37

L SEE3 38
C SEE3 39

FUNCTIO-4 S(i,%) **** 19
DIM0I1SION MASTEA(30O00) S 2
COW=O ASITaR(30000) 3
COMMO;J/ FM/LBASEMINR3UT,LRI,LR0,PINFJER~,DIST S 4
EQUIVAL"INCE (MASTER ASTER)3 S 5

C I 6
*C S RETI<ILVES COORDINATES OF ANY OF THE 6 SIDES OF AN RPP 5 7

C I I RPP UMBER N IS SURFACE NUMBER5 8
C S- 9

L=LRASE+12*(I-1)+2*(N-1) S t0
LL=MASTLR(LsI) S 11
S=ASTLR( LL) S 12
R~ rURN 5 13
EN~D 5 14

C S 15
C 5 16

SUB3ROUITINE CONVRTCFX, IXLEI ** 20
DIMENSIV3N FX(6), tX(8) CONVRT 2

C LL .14JMBER OF REFERENCES to SCALARS AND TRIPLETS CONVRT 3
C IuTLGtRAL PART C.F Fx CONVERTED ro FIXED POINT NUM IN IXi!) CONVRT 4
C FRACTIONAL PART OF F( Cu.NVERrED TO FIXED POINT NUM IN IXC 11) CONVRr 5

NFX=(LE. 1)/2 98 CONVRF 6



00 10 IFX=1,KFX CONVRT 7
li12*IFX CONVRT 8

I=II~1CONVRT 9
Ilx I)=FX(IFX)*.O00001 CONVRflO
X=IX([) CONVRT11
IX(11)=(FXIIFX)-X)*100000.+.00001 CONVRT12

10 CONTINUE CONVRT13
RETURN CONVRT14
LNU CONVRT15

C CONVRT16
*C CONV~r I

SUBROUTINE GRID **** 21
DIMENSION WP(3) GRID 2
COMMON/PAREV/XB( 3) ,WB(3)rIR GRID 3
COMMON/GEOP/LBASERINIR0UTLRILROPINF,IERRtDIST GRID 4
COMMON/UI4CGEM/NRPP,NTRIP,NSCAL.N8ODYNRMAXtLTRIPLSCALLREGD, GRID 5
1 LDATAtLRIN,LROTLI0,L0CDA,I15,I3OLB0DYNASCIKLOOP GRID 6
COMMON/GTRtACK/DID2,KHtiILMAX,TR(20bXBS(3blIRSTRT,IENC, GRID 7
1 ITR(200),CA,CEsSA,SE GRID 8
COt*ON/CAL/NIH,SIN 1ANIGLE,NTYPESSPACELXS(3),WS(3), GRID 9
1 TRAVELSNtV,HIIVIH GRID 10
COMMON/WALT/LI RFO*NIERR GRID 11
COMMON/IIGYT/VKEFtHkEF GRID 12

*COMMON/CELL/CELSJZ GRID 13
COMMON/CONTRL/TkSTGIRAYSKIENTLVIVOLUM,IWOTITAPE8,NOIYES GRID 14

C GRID 15
901 FORMAl (8110) GRID 16
902 FORMAT(6E12.8) GRID 17
903 FORMAI(iHO,2HNX,15,5X,2HNY,15,5X,7HIRSTART,15,5X,4HIENC,15,5X, GRID 18

I 6HNSTART.16,5X,4HNENDIb,5X,9HCELL SIZEtF7.2// GRID 19
2 17H DATUM LINE AT Z=,F1O.3,2?H WITH RESPECT TO THE ORIGIN/ GRID 20
3 17H GROUND IS AT Z=,FlO.3,27H WITH RESPECT TO THE ORIGIN/ GRID 21
4 17H XSHIFT IS AT X=,FI0.3927H WITH RESPECT TO THE ORIGIN/ GRID 22
5 17H YSHTFT IS AT Y=tF1O,3t27H WITH RESPECT TO THE ORIGIN/) GRID 23

904 FORMAT(lH ,7HAZIPUTHtFI2.5,5X,9HELEVATION,F12.5t5X, GRID 24
1 13Hi3ACK OFF VIST,F12.5) GRID 25

905 FORMAT(2E20.8,4E10.3) GRID 26
906 1ORMAT(52HOTHIS KAY WAS SUPPRESSED BECAUSE IT WAS BELOW GROUND) GRID 27
907 FORMAT(1HiO,15,15iH CELLS SKIPPED) GRID 28

C GRID 29
READ (5,901)NX,NYtIRSTRT, IENC#NG1ERRNSTART*NEND GRID 30
READ (5#902)A,E#ENGTHtZSHIFT,GROUND GRID 31
READ (5,902)XSHIFTiYSHIFTtCELSIL GRID 32
IF(IRSTRT .LE.O)IRSTRT=l GRID 33
IF(CELSIZ .LE.O.)CELSIZ=4. GRID 34
IF (NSTART.LE*O)NSTART~1 GRID 35

*IF(NEND.LE.NSrART)NEND=NX*NY GRID 36
IF(NGlERR.LE.O)NG1ERR=25 GRID 37

C GRID 38
WRITE (6,903)NX,NY,IRSTRT, IENC,NSTART,NENDtCELSIZ, GRID 39

1 ZSHIFT,GR0UNJD9XSlHIFTtYSflIFT GRID 40
IFI IWGT.EQ.IYES)WRITE(l,905)A,EXSHIFTYSHIFTLSHIFTCELSIZ GRID 41
WRITE (6t904)AtE,ENGTH GRID 42
RADIAN=.O174532q2519943 GRID 43
AR=A*RA0)IAN GRID 44
ER= E *RAIIAN GRID 45
WRITE (b,904)AR#FkENGTH GRID 46
SA=SIN(AR) GRID 47
CA=COS(AR) 99GRID 48
SE=SIN(ER) 99GRID 49



CE :CCS (5ER) GRID 50
C GRID 51

C PROiCF-SS 4 L Cl-LLS IN GRID) GRID 52

c GRID 53

OJ 411 KK:=JS1ARTNEND GRID 54

wt ( I ) -CL[*CA GRID 55

wo(C2) =-LF4SA GRID 56

wF1 3)-~AGRID 57

I 1=( (KK-I )/NY,)+l GRID) 58

J=KK- (Il-I)*.%X GRID 59

L :DIMV~tL CCOI0RlINATES OF GRID CELL IN GRID PLANE GRID 60

CbLL2=.,)CELSIL GRID 61

V=FL0AI((t,!Y/2)-1I)*CELSIZ +CELL2 GRID 62

VEUF=V tLIL 2 GRIDU. 63

H=FLOAT((NX/2)- J)*CELSIZ +CELL2 GRID~ 64

FIRiE F F! + iiLL2 GR ID 65

IV=RAN(-I *10 GRID 66

- 1* 10. GRID 67

I v' II'= 1* ltil IV GRID) 68

LCGMPUni, H,V AT RANDOM~ POINT IN Gftt1 CELL GRID 69

V=V4CELSIZ cFL0AT(IV)/10.h4CPLSIZ /20. GRID 70
li~iitCFI..,IZ tFLOAf(Iti)/10.+CELSIZ /20. GRID 71

CX,Y,Z IN' COORDINATE SYSTEM OF VEHICLE GRID 72

XB ( I)=XSHIFT-V*CA*SE-H*SA GRID 73

A3S( 2) =YSHIF I-V*SA*SE*NI*CA GR I t) 74

0 ( )=[S +V*CE GRID 75

CALL TRjPiC(WP) GRID 76

x-sS(1)=X8S(1)+WPC1l)*1.0L--4 GRID 77

XJlS(?)=APS(2)+WP(2)*1.OL-4 GRID 78

XiS(3)=XIS(3)+WP(3)*1.OL-4 GRID 79

XB(fl=XBS(l)-ENGTH*W6Cl) GRID 80

Xp(2)=Xf1S(2)-EN,;TH*WB(2) GRID 81

Xt5(3)=X~lS(3)-LNGTH*WB(3) GRID 82

IF(xi(3).GT.G.ROUND)GOTO 10 GRID) 83

IF(I fAPtL8.EQ. IYES)WRITE (6,906) GRID 84

GOTD 40 GRID 85

10 00 26 KKhL1,3 GRID 86

XS(KK1)=Xt3(KK1) GRID 07

WS(KKL)=WB(KK1) GRID 88

20 CONT INJI GRID 89

CALL TRACK GRID 90

IF(IERR.GE.NGIERR)RETUR-1 GRID 91

IF(IRAYSK.EU.NO)GOTO 40 GRID 92

MSHIT~AN(1 p5.GRID 93

WRIIE (6,907)lMSHIFI GRID 94

KK=KK4MSI' IF I GRID 95

40 CONTINUL GRID 96

RLIURN GRID 97

E 114 L)GRID 98

C GRID 99

C GRID 100

C GRID 101

SUBROUT I L -TRACK **** 22

DIMENSION XP(3),bRROR(2) TRACK 2

COMMON/IAREM/XB( 3) ,WB( 3), IR TRACK 3

COMMCN/(ThOM/LtASFRINROUTLRI,LRO,PINF,IERRDIST TRACK 4

C0 MM0N/UNCGLM/NR PP,NTRIP,NS-ALNBODY,-NRMAXLTRIP,LSCALLPEGDo TRACK 5

ILfATA,LRIN,LRO.T,LIO,LOCVA,115, 130,L800YNASC,KLOOP TRACK 6

COMMiON/%'TRACK/D1,D2,KHIT,LMAX,TR(20O),XBS(3),IRSTRT,IENC, TRACK 7

IITR(200),CACE,SA,SE TRACK 8
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COMMON/CAL/NIRSINANGLENTYPESSPACELXS(3),WS(3),TRAVEL, TRACK 9

I SN,VH,.IV IH TRACK 10

COMMON/CONTRL/ITESTG9lRAYSKIIENTLVIVOLUMIWOTITAPE8,NOIYES TRACK 11

COMMON/WALT/IIRFO,NGIERR TRACK 12

COMMON/HOYT/VREFtHREF TRACK 13

LOMMON/LSU/LSURF TRACK 14

COMMON/CELL/CELSIZ TRACK 15

COMMON/ERRIERRO TRACK 16j
C TRACK If

901 FOKMAT(F6.lLxF6.1llX,12,lXF7.2,IXF7.2,441Xtll),13,IX,
2l3, TRACK 18

1 1X,F8.3,IX*F8.3) TRACK 19
902 FORMAT(2( 14,F7.2,F7.2,F6. 1, 13,F7.2),1X,213,IX,i1,11,12,4XA6) TRACK 20
903 FORMAT(31H NUMBER OF INTERSECTIONS.GT.2001 TRACK 21

904 FORMATW/) TRACK 22

905 FORMAT(1I-I,16H0 ITEM IN CELL l914#lHjtI4tlH)95X, TRACK 23

1 2HH=,F6.1,5X,2HV=,F6.1) TRACK 24

c TRACK 25

ERROK(2)= 6H-1 ITEM TRACK 26

OATA ERRORCI),ERROR(2)/4H ,4HITEM/ TRACK 27

112=4096 TRACK 28

NASC=-l TRACK 29-IIR=IRSTRT TRACK 30
L1l TRACK 31

KHIT=O TRACK 32

JCNT=O TRACK 33

MSKRT=O TRACK 34

MIARG=l TRACK 35

MARMR=O TRACK 36

MVOI. =0 TRACK 37

00 10 1=19200 TRACK 39

ITRCI)=0 TRACK 40

rR(I)=0. TRACK 41

10 CONTINUF TRACK 42

C TRACK 43

C Sl IS DISTANCE THRU REGION IR TRACK 44

C IRPRIM IS NEw REGION NUMBER TRACK 45

C XP IS POINT OF CONTACT TRACK 46

C TRACK 47

20 CALL GI(S1,IRPRIM,XP) TRACK 48

IF(IRPRIM..LT*O)RETURN TRACK 49

Y R(L)=Sl TRACK 50

KLSURF=LSURF+7 TRACK 51

LOC=IIRFO+IR-1 TRACK 52

CALL tJN2(LOC,DUM,IDENT) TRACK 53

IDENT=IOENT-1., TRACK 54

C / SURFACE NUM / BODY NUM /NEXT REGION/ TRACK 55

ITR(L)=(KLSURF*112+NASC)*112+IRPRIM TRACK 56

IF(NASC.LE.NRIIP) IRPRIM=O TRACK 57

IF(IRPRIM*EQ.0)GOTO 100 TRACK 58

IR=IRPRIM TRACK 59

KH-ITKHIT+l TRACK 60

IF(L.GT.1)GOTO 4C TRACK 61

SUM=O. TRACK 62

DO0 30 1=1,3 TRACK 63

SUM=SUM+WS(I)*XP(I) TRACK 64

30 CONTINUE TRACK 65

Dim-SUM TRACK 66

GOTO 60 TRACK 61

c101 TRACK 68



J

c UihLK IDEPT COOE 0 NONE riRACK 69
C 10=SKfRT 20=ARMOR 3O=TARGET TRACK IU
C SPACF COOLS I EXTERIOR VOLUME TRA4CK 71
C -I,2-9,711-19,21-299..*..,91-99 INTERIOR VOLUME TRACK 72

CTRACK 73
40O IF(ne I). Eo.0,)GOTO 60 FiRALK 74

lF(lO)ENr-(1vtJT/10)*10.EQ.O)GOTO 50 [RACK 75
Ki I f=iH I T- I TRACK 76

GO ou.:d) TRACK( 7n
c TR~ACK (9

)o I F (IOFNI .L Q.20) MARM-,= I TRACK 80
IH IOE,%I .LCQ.30IMTARG=I TRACK 81
I f, ( H)114T .l-C. I v)M SKRT = TRACK 82

60 L=L+I i'RACK 83
111(L.LF:.20)GoT0 20 [RACK. 8 4
WRITF (6v903) TRCK 85S
S~uP TR~ACK 86)

CTRACK 87
C EENl, ('I RAY Pi IN RESULTS T,<ACK 88
C TRACK 8,)

100 IL0.)TUNiRAUK 90
IF( I IAP1.8. F&.'O. AND. IWOT.EO.NO )RETURN T4Ak.K 91
O?=A0 1ST(CARS ,XP) -SI TRACK 92
D2 -flZ TRACK 93
1 F( KH I T.6T .0) (Of U 105 [RACK 94

K11 I T=KH I f + I [RACK 95
Mi'ARG=0 TRACK 96

105 K I I [H'lI r- I TRACK 97
iI1ABS(H/CELSIZ )+.5 rRACK 98
I F (11. Lf .0~. ) I if=- I H TRACK 99
I'J=ABS(V/CELS~I )+.5 RCK0
IF(V.Lr.t . )V=-IV TRACKIOI

C PRII CARL) NUM I TRACK1[02
IF( I APlS8.EQ.NO)GOTO 110 TRACK 103
WRIHr (6,904) TRACK 104
WRI !t Ut.,901)HRFVREF,1IHDlD2,MSKRT,MTARG,MARMRtMVOL# TRACK105

I iif r , H,lIVrH ,V TRACK106
110 IFCIWCT.Li.Y&S)WRJ[E(l1,9O1)HREF,VREF,IlVIHDlV2,MSKRT,MTARG, TRACK107

1 M4AR"~'RtiVLK H I T #Il, IV tH tV TRACK108
C TrRACK 109

C PRGCt-SS LOt2PuNENT CARDS TRACK110
C IRACKIII

LMAX=L [RACK 112
L=O Tf{ACK113
TRAVEL=IR( 1) TKACK1 14

C TRACK1 15
C NIR RFGI0O. ICEN~TIFICArI0N(VEHICLE COMPONENT) TRACK116
C S 1N1 LIN[-OrF-SIGIIT DISTANCE TRACK1 17
C ANULI CP.LICUITY A~iLE TRACK 118
C S14 NORM~AL DISTANCE THRU REGION TRACK1 19

*C NTYI'E [YPL~ OF SPACE AFTER NIR(NONE=O,EN) RAY=9) TRACK120
C SSPACf LINE-UF-SIGHF DISTANCE IHRU SPACE TRACK121
C TRACK122

DO0 20C KIK.=1,0LAX,2 TRACK123
JERqO: I TRACK124
L=L+1 TRACK125
I-L.GE-LMAXIRETUjRN TRIACK 126
CALL CALC 12TRACK127
IF(N[R.NJE.0)GOTO 113 12TRACK 128



J1FRRO=2 TI4ACK129
*IERRO=IERRO+l TRACK130

113 IF(SSPACE.NE.O.)JCNTxJCNT+l TRACK131
* NII=NIR TRACK132

SINI=SIN TRACK 133
ANGLE1=ANGLE ri&ACK134
SNI=SN TRACK135
NTYPE 1-NTY'PE TRACK1*,6
SSPACEI=SSPACE rRALK137

C SECOND HALF OF CARD TRACK138

L=L+l TRlACK1I39)
IF(L.LT.LMAX)GOIO 115 TRACK140
NI R=O TRACK141

SIN=O. TRACK142
ANGLE=O. FRACK143
514=Q. TRACK144
NTYPE=0 TRACK 145
SSPACE=O. TRACK 146

115 CL A TRACK148
IFU'iIk.tJE.O)(;oro 117 TRACK149
JE RKO=2 TRACK150

117 IF(SSPACE.EC.0.')GOTO 130 TRACK152

120 JCNT=JCNr+1 TRACK 153

130 11=0 TRACK154

12=0 TRACK1 55
N=L-JCNT TRACK156

C TRACK157

C TRACK FLAG 501 1S TRACK EDGE 502 IS TRACK FACE TRACKMI

C 10 IN, 14OKMAL THICKNESS IS CUTOFF TRACK159

C FRACK160
IF(NIRI.NL:.501)GOTO 140 TRACK 161

*IF(SN1.LT.10.)NIRI=.502 TRACK162
140 IF(NIR.NE.501)GOTO 150 TRACK163

IF(SN .LT*10*)NIR=502 TRACK164

C TRACK165
C PRINI C3MPONENT CARD TRACK166

C TRACK 167
150 IF( IWOT.EQ.IYES)WRITEI1,902)NtISINISN1,ANCLEINTYPE1,SSPACFI, TRACK168

I NiRSINSN,ANGLE,NTYPE,SSPACEIHtIVI1,12,N TRACK169
IF( ITAPE8.EQ. IYES)WRITE(69902)NIR1,SINISN1,ANGLE1,NTYPEISSPACE1,TRACK17O

1 NIRSiNSNANGLEtNTYPE,SSPACE,IHIV,11,12,N,ERROR(JERRO) TRACK171
IF( ITAPE8.EQ.NO.ANIX.JERRO.EQ.2)WRITE(6,905)IH,IV,HREFVREF TRACK172

C TRACK173
IF(L.GE.LMAX)RETURN TRACK174
IF(NTYPi .EQ.9)RETURN TRACK1 75

200 CONTINUE TRACK 176
RETURN TRACK177
END TRACK1 78

C TRACK 179

C TRACK160
SUBROUTINE CALC **** 23
DIMENSION MASTERC30000)tXP(3),TEMP(3),TEMPI(3),TEM(3),TEMI(3), CAIC 2
1 XMID(3),IEMP(4)tWN(3),WI(3).WA(3),XI(3),AUN(3),HFI3), CALC 3

2 VF(3bvQ(3),DELTAf3),ARSTP(3) CAIC 4
COMMON ASTER(30000) CAIC 5

COMMON/PAREM/XB(3),WB(3), IR CAIC 6

COMMON/GEOM/LBASERiNtROUTLRI,LROtPINF,IERR,DIST CAIC 7

COMMON/UNCGEM/NRPP ,NTR IP ,NSCAL ,NBODYNRMAXLTRi P,LSCAL,LREGD, CAIC 8

103



I L I AL1\IR~~, L 10 ,)0C1)A 1151,30, L BO 0Y N A S CK LO0P CALC k
I K'J.TALK/1b1tL?vKlIT sLMAX TR (200) XBS(3) IIRS TRTI IENC9 CALC 10
il ,I~ LA r 01:A, Si. CALC I I

~~ta.Il4~It, ANGLr NT YPE SSPACE L, XS 13 9WS(3)TRAVEL,9 C 41C Id

I V. 'I lv ~'CAIC I
I,.V.wAt I/Ll I.,kI I IRR CALL 14
t a)IIVAL 4 '( t- (MAITk{, A SI L-R) CALL 15

(t~- 't 14)CALC 16
(GALC I i

I 4 1UIk'Al I v:, p44riAI . ALL FOLKS/I CALC 1S
Il, 'I %Km'. i ,110%(1tP T.LIN CAC X6ITP~ 54AB~ 5 CALC I ]

I It'lItI,I ,I7I;H% to vr INCLCOAbIYEL1,4IBU, CALL 2-
93 ~ C ~(/14A~'olb NO'T FIND NORMAL) CALC 21

JJ4 1'~/~ 'dt~m,/9l 'JIR=,11l,,5X,6Hj!TYPE'tI1O!bX,4HNl3O=,IlO,5X, CALL 22
1 ,1 i 6 I --, I I/41i w03=, 3L21. I0/4H WS= t3E20. 10/411 XP ,3L 20. H/ CALC 23

A4 - , 0-20. W, / 0i X I 1:j 10/ 6H XN0S= t 3E20. 10) L AL. 2'it
%I k. Rqt-ok I N CALL A rRC HAS R1 = R2 )CALL 2 t

,) ~ N~o Vs'I(,'aUL~I. CALC 9AD LSIJRF FOR BOX O'R R ) CALC 2b
CALC 27

%-,' 40. Nkli ik tjY NUM~ NEXT REGION /CALL 28
CALC 211

NrL (L Y I LSdiff CALL 30
I- R.I . 0 1 'T0 I~ CAL; 31I

I4 I r P.,90) 1 CALC I?
~ 1'~'. CALL .

CALL
I R A P, L L IN-f-S IGIII DIST TO THIS R~EGION CALC 3'

A %AIRTI1U( PjINT (XS=X0) CALC 36
L IN--31--S iCt U lST THRU Till1S REGION CALL 3t

L CALL 38
10 S I N=T 1L.) CALL 31)

LO' 211 vI3 CALL ',(i

XI C I)-XSC I)+IhA0iLvwSC 13 CALC 41
20 LuN I11941 CALC 42

TRAVE.L= fttAVCL +SI N CALL 43
LSURF=LS~IRF-7 CALC 44

L CALL 45
AdO0s= 1 CALC 46)
IF(CLSURl- .LI1.03 X9OS=-1 * CALL 47
L'uL L iviuy + 3* C NBJ- I ) CALC 4 8
LALL U'z2'(LuC,IYPL,LDATA) CALL 49
LLAIRF=I ALS (LSUiRF C ALC 5(i
I I yli r I YVE +1 CALL 51
IfIlIYP,.i.)E.I.Airj.IrYPE.LE.123(;OTO 30 CALL 5?
wit I L 0.),902 )IrY PE -NB0 CALL 53

RE f UR,. CAIC 54
C CALL 55
L COMLTJE 'JORPAL DIST AND) OBLIQUITY ANGLE CALC 56

L CALC 5r
C kPP BiOX S1114 RCL REC JTRC ELL RAW ARB TEC TOR ARS CALC 58

30 GO)(50,IUO,150,203,200,300,350,400,450,500,550,600),ITYPE CALC 59
L CALL 60

C CHFrK Fo'R SPACE COUES IDLNT =-1,1-9,11-19,21-29.... 191-99 CALL 61
C CALL 62

40 CALL Gtl-NK(L41,DUt~,DhJMqNEXRbG) CALC 63

ISP'OT=L IRO+N.XREG-1 CALL 64
CALL tJt42CSP~iDUM,I0E~[) CALL 65

I Silt) =L I RFO+(14R- I CALL 66

CALL L;N2(iSP0ItNIFIJUM3 CALC 67
o~~ )Er-1104 CALL 68



C CHECK FOR SPACE CODES IDENT a-,-1-9,2,... CALC 69
IF(IDENT-(IDENT/1O)*1O.NE.O)GOTO 41 CALC 70

NTYPE=O CAIC 71
SSPACE=O. CALC 72
RETURN CALC 73

41 L=L+l CALC 74
IF(L+1.LT.LMAX)GOTO 42 CALC 75

IDENT=9 CALC 76
SSPACE=1.OE-4 CAIC 77

NTYPE= IDENT CALC 78
*RErURN CAIC 79
*42 NrYPE=IDENT CALC 80

SSPACE=rR(L+1, CALC 81
TRAVEL=TRAVEI.+SS PACE CALC 82

R~ETURN CALC 83
C CALC 84

C RPP CALC 85
C CALC 86

50 IF(LSURF-2)52,53t5t CAIC 87
52 XNOS=-XNOS CALC 88

531= C4LC 89
GOfO 60 CAIC 90

54 IF(ISURF-4)55,56,57 CALC 91
55 XNOS=-XNOS C4IC 92

56 1=3 CAIC 93
GOTi) 60 CALC 94

57 IF(LSURF.GE.6)GOTO 59 CALC 95
XNC)S =- XNiS CAIC 96

59 1=5 CAIC 97
60 LKK=LBASF+2*I+1 CALC 98

LV1=MASTER(LKK 2 CALC 99
LKK=LKK+2 CALC 100
LV2=MASTER( LKK) CALC 101
DO 62 J=l,3 CAIC 102
M=J-1 CALC 103
IJK=M+LVI CAIC 104
TEMP(J)=ASTER(IJK) CALC 105
I JK=M+LV2 CAIC 106
rEMf'(J)=ASTFR(IJK) CAIC 107

62 CONTINUE CALC 108

CALL OCOSP(TEMP, TEMPloWB) CAIC 109
DO 63 J=1,3 CAIC 110
WB(J)=XNOS*WB(J) CALC 111

63 CONTINUE CAC112
G0TO 1000 CAIC13

C CALC 114
C BIox CALC 115

C CALC 116
100 CONTIINUE CALC 117

KCOM=LSURF-( LSURF/22 *2 CALC 118
IF (KCOM.EQO)XNOS=-XNOS CALC 119
IF(LSURF-3)l10'.,13tl05 CALC 120

103 1=1 CALC 121
GOTO 110 CALC 122

104 1=2 CALC 123
Gore iio CALC 124

105 IF(LSURF.LT.5)GOTO 103 CAIC 125
1=3 CALC 126

110 CALL UN2(LDATA,IEMP(4)vIEMP(l)) CALC 127

LDATA=LDATA+l 105 CALC 128



GALL LN?LArA,I FM)( 219 EMP(3)) CAIC 129)

LhJ 1I) J=1,3 CALC L30

Lli F ( I CALC 131
LV= I:MP (4) CALC 132

~J ICAIC 133
I JK I II ~'~CAIC 134

I J K I= LVI CALC 135

T MP(J)=ASTrk(lIJK)+ASTEK(IJK1) CAIC 136
IZ=JI~ I~MP4) ALC 137

rEMPi (J)=ASTER(MK) CAIC 138

115 CUNT INUF CALC 139
CALL OCuSP(IfllP1,T~lMPWB) CALC 140

t00 120 jjJj CALC 141

Wb(J) =x~lOS*w3(J) CALC 142

120 CojNrINUI: CALC 143

60l0 1000 CALC 144

C CALC 145

C SPIl CALC 146
C.CALC 147

15C CAL.L U12(L0ATA,LV,OUjM) CAIC 148

Do~ 160 1=1,3 CALC 149

M=I-I +LV CALC 150

lEM I )=ASTEk(V) CALC 151

160ON r I rU- CALC 152

CALL (;C.lsP(X1,TF!kwf3) CALC 153

tju 170 1=1,3 CAIC 154

Vit( I 3XOWC ICALC 155

170 CONIItIUc CALC L56

6010 loO( CALC 157

C CALC 158

C KCC CAIC 159

c CALC 160

200 IF(L.SURI--2)2O2t201,210 CALC 161

201 XN-OS=-XN'S CALC 162'

202 CALL UN?(L0AIf~tLVlLV2) CALC 163

D0O~) 1=1,3 CAIC 164

l= I- I CALC 165

I J K I=+ LVl CALC 166

I JK 2=k'+LV 2 CALC 1b6?

ILM(I )=ASrr<( IJKI) CALC 168

rLMI (i)= sriLR( IJKI )+ASTLR( IJK2) CALC 169

203 CON r I Ut: CALC 170

CALL DCOSP( FEI,TLMI,WB) CALC 171

D)0 204 1=1,3 C AIC 17 .2

Wti( I)=XN0S*w~l3I) tALC 173

204 LON T INtJ CALC 174

GOIC' 1000 CAIC 175

c CALC 176

C DIR COS FOR NORMAL To SURFACE ONE OR TWO CALC I 77

c INOW HAVE TO GET FROM A POINT TO THE HEIGHT VECTOR C ALC 178

C CALC 179

210 CALL UN2(LDATA,LV,LH) CALC 180

LR1zlI.ASTER(LDATA+1 ) qALC 181

00 ?11 J=1.,3 CALL i82

M=J-1 CALC 183

I JK=LV +M CAIC 184

IEM J) = ASTER ( IJK) CALC, 185

IJKI=LH4M CALC 186

TEMI(J)zASTER(IJK)+ASTER(IJK1) 106 CALC 187

211 C0O41INUE CALC 188



CALL OCOSP(TEMXIWN) ,CALC 189
CALL DCOSP(TEM,TEMI,Wl) CALC 190

SUM=O. CALC 191
00 '212 J=I,3 . CALC 192

212 CONTINUE CALC 194
1)0 214 J=193 C ALC 5

XP(J)=SUMik.XDIST(TEM,Xil) ICAIC 196
XP(J)=XP(J)*WIIJ),TEM(J) 'CALC 197

214 CONTINUE CALC 198
IF(IjTYPE.EQ..5)GOTO 250 CALC 199
CALL DCCSPXilXPwB) CALO 200

DO'220:j1,t3 .*CALC 201
220 =XoS*WB'(J) CALC 202

220 COTINULCAIC 203
9010 1000' CALC 204

C CALC .205
C REC- CALC 206

C CALC 207
C FOR SURFACE I AND 2 NORMAL IS SAME AS RCC *CALC 208
C FOR SURFACE 3 1JIJMP OUT WHbN1XP(I)sPOINT ON HEIGHT VECTOR tCALC 209

C CALC 210
250 LDA1A=LrJATA+1 CALC 211

CALL UN2(LDATA,LR1,LR2) 'CAIC 212

DO0 255 J=Ut.- CALC 213
M=J-I-'CALC 214

IJK-1=M+1R1. CALC1215
TEMP(J)=ASTEiRUIJK1)+XP (J), CALC 216

IJK2=M+LR2 .CALC 2k~7
TEMPI(J)=ASTEk(IJK2)+XP(J) CALC 218

255 CONTINUE CALC 219
.9 ' I AI=6(IST(XP,TEM)) CAIC 220

A2=XDIST(XP,TEMP1J . CALC 221
IF(A1.G E.A2)GOTO 260 CALC 2 2.2
Ai=A2 I. . ,*CALC 22~3

A3=Al .CALC 224

A2=A31 CALC 225
IEMP(1)=TEMPI(1) 'CALC 226
TEMP(21=TEMPI(2) . CALC 227
frEMP (3=rEM P 1 (3) C ALC ;228:

260 C=SQRT(Al*AI-A2*A2) CALC 229

CALL DCOSP(XPtTEMPIWN) rALC 230
00Di 265 J=1,,3 . , CALC 231
TEM(J)=XP(J)+C*WN(J,) 'CALC 232,
TEMI(J)=XP(J)-C*WN(J) CALC 233*

265 CONTINUE CALC 234
CALL DCOSP(T'EtXItWN) ;CALC 2.35

*o DO70 J=1,3 .CALC 236

1EM(J)=2.*A1*WN(J)'+TEM( J) CALC 237

270 CONTINUE CALC 236
CALL DpOSP(TEMiTEM1,WB) CALC 239
DO 275 J=193 CALC 240

WB(J)=XNOS*WB(J)l CAIC 241!
275 CONTINUE CALC 242

GOTO 1000 CALC 243

C~ 1CALC 244

.C TRC 9CALC 245

C, C ALC 246

300 IF(LSURF.LE.2)GO TO 320 107 .CALC '247

CALL, UN2(LDATALVtLH) C ALC 248



LuA~L 6, A UA4A
CALL UL~J(LOAIALR1,LR2) 

CALL. 2Y)
I'iF =-pSIL( LI I )A STf-R UR2 CALL >5 1If-ItWIF) 302,301,303 

CAIC 2512

14;1, CALC '
30? 2r1" lo( I )L R I CAILC ~

L* K- 31Q CALt. 2 li

CALt. C.
LlI IK = LVSQ II CALC Z 'i

30 f K At i ST-R L DI CALC 2''i
11 -M n (1 j A T -Z 1 3 CAL t, ?1
bMPJ )= SF R IJ C+A r * S E ( J I CALC Ab

304 C O N I I N U C A LL C
l l rI JI KXI II=)t4p CA LC T t

CALC,

CALC ,lit) .[1CJ)='-1,3 )PAT ATE(JI CALL W304 wJ LO I I~ A JI-SU 
CALC 2

310 .1L CA IL I, ,W CAL U,'uALUDC t)S/) IFPTUMoI W CA 1 9,sLmLS~D . -s 
CALL 1,

[-0 311 jTI,3CA 
; I,SUMZWINI i elpl( i sumCAIC 2t1

310 ), CJI tjL- 
CALC 2('M

CALS=. )CSP-x1rSP,..8 
CALC 2 ,GOv 3121 J=103 
CALC -,itwTl-MPJ)=-QXS* C J)+TMj CALC '1?312 (OJN I PR~ 
CALL 20J

CALL. U/(OIA,LEV,u) 
CALC 2ai(Fu3 312 J~1,3 
CALL 2fl

w6(j =X~ s* 4 (j)CALC 2,: 2
60TOJ~Art~ UK)l CALL 184

I~~~ A KL I C 28

CALL UCJS(TAt-,L,W 
CALL e8?I. 21 J-:1,3 
CAL. 26HMb(j) XJSIBJ 
CALC: 29

C CALC z0
I J =M+L 

CALC 0
C-tP()A~~<IK+ATRIYI 

CALL 30?j320 CALLT %UN4LOAALI CALC 394
CALs f)CSu LDAIA+ 1 W6 CALL e)541)0 322 J=1#3 

CALC "it

GOTO )0OUCALL ?cOv
c Jl+~ 10L CALL 501

IJK?:W+LR210 
CALC 30 1



rbm(j)=ASTEk(IJK!) 
tL 0rEMI(J)=ASTER(1JK2) 
CALC 3109

352 CONTINUE CL LA=ASTER( IS) 
CALC 312CALL DCOSP(TEM.,XIPWN) 
CALC 313DO 353 J=1,3 CALC 313rEM(J)=A*WN(J)+TEM(J) 
CALC 315

353 CONTINUE CL 1
CALL DCOSP(TEM4,TEMI,WB) 

CALC 31?
DO 354 J=1,3 CL 1
WB(J)=xt4OS*wb(j) 

CALC 318
354 CONTINUE CL 1

GOTO 1000 CALC 321
C CL 2

c CALC 322
CALC 323C THIS WILL SHAPE THE BOX FOR LSURF=1,3,5,6 
CALC 325C JwmPS To 100 rO INDICATE BOX PORTION 
CI 2

400 IF(LSIJRF.EQ.2)GOTO 401 
tL 2IF(LSURF.NE.4)GOro 100 CALC 329WRIri. (6,906) 
CALC 330

ST OP CL 3401 CALL UN2(LDATALVvLVl) 
CALC 332LOATA=LDATA+1 
CALC 333CALL UN21LDATA,LV2,LV3) 
CALC 33300 410 J=lt3 tALC 335M=J-l 
CAIC 336

IJKI=M+LVI AC 3
IJK2=M+LV2 

CALC 337rEMP(J)=ASTER( IJKI) CALC 338XMIU(J)=ASTER( IJKl)-ASTERfIJK2) CALC 330IJK3=M+LV3 
CALC 340TE?4(J)=ASTER(IJK3) 
CALC 342410 CONTINUE 
tALC 3431=1 
CALC 343J=2 
CAIC 344

K=3 3A 4

LK=O CALC 3460O 411 KK=1,3 CALC 348tEMI( I)=XMID(J)*IEM(K).XMIDIK)*TEM(J) CALC 349LK= I 
CALC 350I=J 
CALC 351J=K 
CALC 352

K=LK 1KC 5411 CONTINUE 
CALC 353

SUM=zO. C 5
00 412 J=1,3 

CALC 356
-'SUM=TEMI(J)*TEMP(J)+SUM 

CALC 357412 CONTINUE 
CALC 358SUM=-SUM/ABS (SUMs CALC 358TLKZEMII)*z+TN1C2**2TE~I 3 )* 2  ALC 360* TLK=SQRT(TLK) 
tL 600 40 J1,3CALC 362

420 CONTINUE3

420 COTINUEtALC 3640010 1000 CALC 365
C AR13 109 tALC 366

C CAC 6

CALC 368



~~~ 
L 

~' C 369

LAC. 3 70

CALC 3 7,
CALG 371

pk *I:,*CALL 374
CALLf 3 IS
(.A AJ I I

t Y ACALL. 3 19
CALL ja1ijn ~ CAL( 381?
t,4  A l

A L

- l ICA*t 4 mj

L ALL i'

Is (- I AL. C,
A I j CL . 3D'

ILAOi, '447
CAIC 348

vJ114 ALL 4
ihe. kA LALu 4r,

U. ~ f ILALa- 4t01
I 1 1 - tC A L L. 4 0 $4

I t *1: 1 A L k- 4 fl

JI *V~lCALL 4~iuJe p:Lli* I CALL 406
JW J A - i O x: # I ALL 41

0t:L rAI A ylk-i ,ljI CALL 4L3
AW II) A-i,~L It 41 ) LALL 411

AL.4 x I( I ) ONU f I 3xrmt CAL( 414
#ioN...1I cI I * j I I. + Hlit CALL 416

VIJ!-- v I ONF( ,CALL 4.16r~c~j ~A 13 I .F I 13 *Dtjo CALL 411
I~A~4 I) *AN13lltA CALL 418

501 LO LIJ; I 't CALL 41-)
CALL CK AL 2

HO~zOr~li,&.1LALe. it21
I I =X11WI 4.CALL 41.?

11=Vl ) 1H 1 CALL 423v

CALL 425
ItMP( IUXI (1 I-I'el( I3-VF(I3+r2*HFII 3LALr. 426502 L.ONI I UE 

CAL'. 427TAUz(CR3/R4*i10 
CALL 428



T3=DOT (TEMP ,AUN) /TAU CALC 429

T4-DOT (TENPC) CALC 430

GAMMA=ODN/HDN CALC 431

EM=GAMMA*R4. (I .O-GAMMA)*R2 CALC 432

[5 HD[A/ H N CALC 433
T6=HDK/HDN CALC 434
00 510 1=1,3 CALC 435
Wn(13=XNOS'*(r3*(AUN( 1)-fS*NF(1))+ CAIC 436
I 4.fOfl)-r6*NF~i)f-EM*(R4-R2)*NF(I)/HONI CAIC 437

510 CONTINUE CALC 438
CALL IJNII(WBI CAIC 439

Goro 1000 CALC 440

C CALC 441
520 IF(LSURF.EQ..2)XNOSx-XNOS CAIC 442

CALL tUN2(LDATALVtLH) CAIC 443

LOArA=LUArA+l CALC 444

CALL UN2(LDATArLN,L]UM) CAIC 445

00 521 1=1,3 CALC 446

J=LN+ 1 - CALC 447

WB I )=XNOS*ASTER(J) CAIC 448

521 CON INUF~ CALC 449

GO(TO 1000 CALC 450

C CALC 451
C TRCAIC 452
C CALC 453

550 CALL Ufi2(LDATALV,L4) CALC 454

LOATA=Li)ATA+ I CALC 455

CALL IN2(LDATALRI,OUM) CAIC 456

00 551 1=1,3 CALC 457
J11CAIC 458

IJK=LVtJ CALC 459

TEMP(I )=Xl CI -ASTER(IJ[K) CALC 460

IJK=LN+J CALC 461
TEMPI( I =ASTEIU IJK) CALC 462

551 CONTINUE CALC 463
kI=ASTER(LR1) CALC 464

CALL CROSS(TEMOEMP1,TEMP) CALC 465

CALL CROSS( TE?01,TE#',TEMPI) CALC 466

CALL UNIT(TEIL) CALC 467

(30 55,2 1=103 CALC 468
J1-1CALC 469

IJK=LVIJ CALC 470

TEM( I)=ASTER( 1JK) CALC 471
TEMI'1(H =TEM( I +R1.rEML( u CALC 472

552 CONTINUE CALC 473
CALL DCOSP(tEPPI,XI,dB) CALC 474

(30 553 1=1,3 CALC 475

UBI I =XMOS#WB( 13 CALC 476

553 LON T NI ALC 477

GoI0 1000 CALC 478
L CALC 479

C ARS CALC 480

C CALC 481

6003 NEA4 CALC 482

IWH-PASrEKI LOA[A) CALC 483

INOW= 1H1148 CALC 484
IENO= IWH+8+2OeNE CALC 485

DO 610 1=1#3 CALC 486

IJK-!WH+1+4 CALC 487

A1STPII)=ASTEH(1JK) 1 CALC 488



610 CON T I N CALC 489
()rRAV=X0!sr(ARSTPXI) CALC 490

620 IF(A!3,U5~rRAV-ASrERfINOW)).GT.1.OE-07)GOT0 640 CAIC 491
Do) O) 1=13 CALC 492
IjKv tj0w I CALC 493
Wil( I lzASII'K( IJK) CAIC 494

630 CONI I N0- CALC 495
CALL UWJ1T(Wls) CALC 496
Guob 1000 CAIC 497

C CALC 498
640 I'Ju4=INWNE CAIC 49(3

IF1IIFNO.CT.INUW)GOTO 2 AL 0
WRI11 (6,003) CAIC 501
STOP CALC 502

CCAIC 503
L COMVUlk 36LICUJFY ANGLE CALC 504
C LuMPUT NORMAL DIST ISM) CALC 505
L. CALC 506
1000 10 1I)01 J=1,3 CALC 50r

XL(jl=XUJ)+,ws(J)*1.0E-3 CALC 508
1001 CONaINwt CALC 509

A~j'JL' =O. CAIC 510
(J0 iu0u2 J=10 CAIC 511
A,4GLE=A'W,('LE+WiB(J )*WStJ) CALC 512

1002 CUN1I flJL CAIC 513
IF(AflS(ANGLH).LL.1.)GOTO 1010 CALC 514
M,, 6L c.=0 . CALC 515
S%4=0. CALC 516
WRlITE (b,904)NI:,[YPIE,.NBOLSURF,WBWSXPXBXIXNOS CALC 517
1R=NIR CALC 518
GJTu 40 CALC 519

L CAIC 520
1010 AN(LEAN~t2(SC;RrCI.-ANIGLE*ANGLE),ANGLEI*180./3.141592654 CALC 521

1FtANGLr..LE.9O.)GOTO 1020 CALC 522
03 1011 J=103 CALC 523
WHI J )=-4B( J) CAIC 524

1011 CONTINUE CALC 525
GOTO 100o CALC 526

C CALC 527
1020 NASCz-2 CALC 528

1R=N I R CALC 529
CALL G1(.Sl,IkfRR,XP) CALC 530
S"J=s I CAIC 531
GOT() 40 CAIC 532
E I CALC 533

C CALC 534
C CALC 535
C CAIC 536
C CAIC 537
C CAIC 538

SUBROU1T INE TLSTG **** 24
C TESTG 2

C TESIG OPT IONS TESG 3
C TESTG 4
C N'RAYS 0 0 TR(ACE A RAY BETWEEN TWO GIVEN POINTS TESTG 5
C XBS TO XBF TESIG 6
C TESTG 7

0IMENSION XP(3),.XBF(3) TESTG 8
COMM0N/PAREM/XB(3) ,WB(3), IR ThESrG 9
COMMUN/G;E(Th/LIASF,R IN,ROUrLRILROPINF, IERR-.,OIST TESTG 10

112



COMMON/UNCGEM/NtPPo4ThJPtNSCAL .NBODYNRMAKLTftIPLSCALLREGO. TESTG 11
1 LDATAtLRINLROTLIOLOCDA,115,130,LBODYNASCKLOOP TESTO 12
COMMON/WALT/I IRFO, NGIERR TESIG 13

C TESTG 14
901 FORMAT(2110) TESTG 15
902 FORMAT(lHO,22HNUPBER OF SPECIAL RAYS915) TESTG 16
903 FORMAT(E15.793[15) TESTG 17
904 FORMAT(IH0,SMSTART95X,4H Xxt3E15*7,8e JRSTRTU,15/ TESTG 18

1 4H1 END#7X,4HXBF*,3El5.7,8H IRFIN'v15) TESTG 19
905 FORMAT(IHO,3HWB=,3C15.i,5X,6HRANGEaEl5.7) TESTG 20
906 FORMAT(lHO,8X,2HIR,4X,6IRPRIM,12X,2HSl,13X,2HXP,13X,2HYP TESTG 21

1 13X,2HZP#12Xv4HDIST) TESTG 22
907 FORMAT(2110,5Xv5E15.7) TESTG 23
908 FORMAT(1HO,21HTROUBLE IN REGION IRz1O) TESTG 24

C TESTG 25
READ (5,901 JNRAYSiNGlERR TESTG 26
WRITE (6,902)NRAYS TESTG 27
IF (NGlERR.LE.O )NGIERR=25 TESTG 28

C TIESTG 29
00 50 IRAY=1,NRAYS TESTG 30
READ C5p903)XBIRSTRT TESTG 31
READ (59O3)XBFIIRF[N TESTG 32
WRITE (6t904)XBPIRSTRT,XBF,IRFIN TESTG 33
RANGE=XDIST(XBtXBF) TESIG 34
CALL DCOSP(XBXdFW3) TESTG 35
WRITE (bt905)WB,RANGE TESTG 36
IR= IRSTRT TESTG 37
NASC=-l TESTG 38
WRITE 46,906) TESTG 39

C TESTG 40
10 LALL GISllRPRIMXP) TESTG 41

IF(IERR.GENGIERR)GOTO 60 TESTG 42
WRITE C6*907)IRIRPRUMSIXP,DIST TESTG 43
LF(UIST.GE.RANGE)GOTO 30 TESTG 44
IF(IRPRIM1.LE.O)GOTO 20 TESTG 45
IK=IRPRI M TESTG 46
GOTO 10 TESTG 47

C TESIG 48
20 WRITE 16*908H)R TESTG 49

GOTO 50 TESTG 50
30 IF(IR.NE*IRFIN)GOTO 20 TESTG 51
50 CONTINUE TESTG 52
60 IERR=0 TESTG 53

RETURN TESTG 54
END. TESTG 55

C TESTG 56
C TF.STG 57
C TESTG 58
C TESTG 59

SUBSROUTINE VOLUM **** 25
DIMENSION VASTER(1000),WAB(3),WTB(3),WOB(3),DSP(3), VOLUM 2
1 XV(3)tXT(3) ,XA(3),XO(3),XP(3),XTEMP(3I VOLUM 3
COMMON ASTER(30000) VOLUM 4

* COI4MON/PAREM/XB( 3) ,WB(3 , IR VOLUM 5
COMMON/GEOM/LBASE,RINROUTLRItLROPINF,IERROIST VOLUM 6
COMMON/UNCGEM/NRPP ,NTRIPNSCALNBODYNRMAX, LTRJP,LSCAL,LREGO, VOLUM 7
I LDATALkINLR7tLIOLOCOA,115,130,LBODYNASC,KLOOP VOLUM 8
COMMON/WALT/I IRFQ, NGIERR VOLUM 9

CVOLUM 10
901 FORMAT(3E20.8) 113 VOLUM 11,



902 FOktHAr(2E2?0.H) VOLUM 12

903 F0RMAI(it0,10X,6H~VERrEXvl4X6HTPP,14X6HB0TePT,14X,7HSlDE.PT) VOLUM 13

904 EOI4MAT(4E20.8) VLM1
905 FORM.AI(iIHO, 8X,1?HOELTA ON TOP,E20.8,IOXv1OHSIUE DELTAE20.8) VOLUM 15

906 FORMAT(2110) VOLUM 17
908 kjUN(HH0, 2X,1P.H~rARTIN*G REGION is,i5) VLM1

909 FORMAY(itiO,161HVASTER OViURwRLTEt5X,6HNRMAX=,I5) VOLUM 18

910 FjRtMAr(II0,b2oJ.B) VOLUM 19

911 F,)RMATi 1IIOqulitSAt) CARD/I10,E20.8, 14H NOT PROCtSSEiL) VOLUM 20

912 FORMAI(J10,&2O.8,5X,E20.8,5XE9.2) VOLUM 21

913 F)RMATAIHOq5HSUMVv5X,E20.8) VOLUM 22
VOLUM 23

RtEAD (5,906)1K,NG1I-RR VOLUM 24

IF CNWFRR.LiE.0)'G1RR25 VOLUM 25

RE~AD (5t901)(XV(1),1;1,3) VOLUM 26

tLAI) (5,901)(XrlI),I=I,3) VOLUM 27

KFAfJ (5,901) (X0( ), 1=1,3) VOLUM 28

r(FA() (5,901)(XAlbII=,3) VOLUM 29

RE.AD (5,902 )I), IT VOLUM 30
wIq FE (6,903) VOLUM 31

1jHUrF (b,90.f(XV(JbIXT(J),XO(J),XA(J),J1l,3) VOLUM 32

WRITi (6v9O5)000,[Dr VJLUM 34

W~f{II (6,908flR VLM3

lF(,NKV4X.GT.2000)WKI TE (6t909)NRMAX VOLUM 35

tLALL [)C)SP(XVXT,WTB) VOLUM 36

CALL IDCvS[I(XVtX0,WO13) VOLUM 37

CALL VCi)SP(XV,XA,WAB) VOLUM 38

XVfjlS=XiISr(XVtXA) VOLUM 39

ltS TLN=ij. VOLUM 40

ILSTOV=6. VOLUM 41

XIEMP(1)0O. VOLUM 42

00 10 1=1,NRMAX '/OLUM 43

VAStEk<(lI)=0. VOLUM 44

10 CONFUJUL VOLUM 45

J !R 1R VOLUM 46
1~J I'~VOLUM 47

N2=Xi()iSr(XV,X0)/V)OV+1. VOLUM 48

NI=XIST (XV,XT)/DT+1. VOLUM 49

C VOLUM 50

00 300 J=1,N2 VOLUM 51

D0 100 1=1,3 VOLUM 52
USP I =~w~5(I )DFVOLUM 53

xb~(I) =xV'(1) VOLUM 54

Wt8(lI)=WA3( I) VOLUM 55

100 CoNTINUL VOLUM 56

Sl=O. VOLUM 57
VOLUM 58

DO 200 Il,Nl VOLUM 59

NASC=-1 VOLUM 60

110 CALL Gl(SlvI'[PR',XP) VOLUM 61

IF( IERR.GF.NG1ERR)GOTO 400 VOLIJM 62

VASrLR( IR)=VASTER( pu+S1 VOLUM 63

IF(DIST.GE.XVDIS)GOTO 115 VOLUM 64

IFULRPRIM.LE.O)GOTO 120 VOLUM 65

1RIRPfR IM VOLUM 66

COTO 110 VOLUM 67

115 VASTER(IR)=VASTER(IR)-(DIST-XVOIS) VOLUM 68

120 XTEMP(1)=Wb(l) VOLUM 69

XTEMP(2)=WB(2) VOLUM 70

XrEMP(3)=WB(3) 114 VOLUM 71



VOLUM 72

I=JIR 
VOLUM 73

TESTDN=TESTDN-DT 
VOLUM 74

tI(ETDN.rGT.n.)OTf 180 VOLUM 75

WB(LV=WTB(1) VLM7

WBC2'IWTB(2) 
VOLUM 77

WB(3)=WTB13) 
VOLUM 78

NASC=-l 
VOLLJM 78

CALL G1(SlIRPRIF',XP) 
VLM7

IF(IERR.GE.NGIERR)GOTO 400 
VOLtJM 80

IF( SL-D ) 130,160,170 
VOLUM 81

130 IR=IRPRlM 
VOLUM 82

JIR=IR 
VOLUM 83

CALL GI(Sl9IRPRIMvXP) 
VOLUM 84

IF(LERR.GE.NGIERR)GOTO 400 
VLH8

IFCISTDT 140160170VOLUM 86

40IF(IRIM)150,2Ol
3  VOUM 8

150 TOPVOLUM 87

160 IF(IRPRIM)1VOLUM 
893

JI1~VOLUM 
80

170 TSTO~S 
VOLUM 89

160 IR 190J1=1, 
VOLUM 92

WJI=T M(I VOLUM 93

190 CONTINUEl 
VOLUM 95

200 CoN190 NU 1, VOLUM 96

C ai)X(l+S(l 
VOLUM 974
VOLUM 95

C OEPAEON MOVE IN FOR NEXT PLANE IN LINE VOLUM 99

ON PLAN DO1NE VOLUM 101

C U1XU 
VOLUM100

220 %AC=T-U 
VOLUM1O4

00 20 =1, VOLUM102

IR()=WB1R 
VOLUM103

TESTDNO.II 
VOLUM 107

220 STVTINSV0 
VOLUM 108

JIF(ES0V23,20J VOLUMIO9

230CAL I(SRRIP 
VOLUMI107

IF(IERR.GE.NGIERR)GOTO 400 VOLUM112I

IF (SI-OOD)240,26Ot
2 7O VOLUM113

240 I=RRMVOLUM114
IRJIRk 

VOLUMI145

CALL GI(S1,IRPRIMXP) 
VOLUM116

IF(IERR.GE.NGIERR)GOTO 400 
VOLUM 116

IF (DIST-D0D)250926Ot
2 70 VOLUM 117

250 IF(IRPRIMI15Ot400,
2 30  VOLUMi189

260 IR=IHPRIM VLM2

IRJ=IK 
VOLUM121

270 TESTOV=S1 
VOLUJM122

280 DO 290 1=1,3 VLM2

XA(I)=XA(I)+WOB(I*O 
VOLOM124

xv(1)=XV(I)+WoB(I)*DOD VOLUJM125

XT(IV=XT(I)+WOB( I)*DOD VOLUM 125

290 CONTINUE 
VOLUM 126

JIR=IR VLM2

300 CONTINUE 
VOLUM 128

C VOLUM 129

C VOLUMES COMPUfED 
VOLUM131

C us VLU115



400 REAL) (',910))IR1,VR VOLUM 132
IF(IHRg.GE.f4GlEKRcOTQ 500 VOLUM133
IF( III.LF.0) IKl=NRlMAX+l VOLUM134
SUMV~(j. VOLUM135

C VOLUM136
['3 5 I1,MURA)( VOLUM137

'/ASrLK( I )VASTER(1I *000*OT VOLUM138
IF(J-IRI)41L,,43'),4?0 VOLUM139

41I0 WI(Irr- (0,910)[,VASIFRII) VOLUM140
CGoro 44o VOLUM141

420 wl (tb,911)IRI,VR VOLUM142
RLAO (5,910)[ftI,VR VULUM1.43
GO To 4 1 VOLUM144

C VOLUML~ RII'LA(.EMEN[ VOLUM145
430 XPERC=100.*CVAsrERcn/VR-1.) VOLUM 146

Wi'vdL (r,,912) I9VASTi:R( I)tVRvXPlRC VOLUM147
vAsrLM I)=VIR VOLUM148
RiAD (5,9IO)hU:,VRl VOLUM149

440 SJMV=SU'V#tVAS [CRt (I I VOL UJM150
450 CO'N T 11L VOLUM151.

WKIrE (o,91.3)SU1MV VOLUM152
500 ILRK~k VOLUM1I53

lu- TURN1 VOLUM154
L- N( VOLUM155

C VOLUM156
C VOLUM157
c VOLUM158
C VOLUM159

SWARAUtT IN~L ARFA * ~~26
)IMUISJUN XI)(3),WP(3),XISS(3),C0NVRT(4,4),TYPEUt~f4) AREA 2

COMMONJ ASTEF(3COC0) AREA 3
CUMM0Nl/PARCt./X[3( 3) .W9(3)PIR AREA 4
C(IM.Yj%/Gi.QM/LBASERIN,ROUrLRIuLRO,PINF,IERRUIST AREA 5

LOMM0N/UJJCtP/NRPP, -J1RiPNSCALNBODYtNRMAX,LTIP,LSCAL,LREGD, AREA 6
I Lr)AI'A,LR1NLRJILIoLCA,11sI3oLBOoYNASCKL00P AREA 7
C0MMON/CAL/N[RSINANGLE,NTYPESSPACE,L,XS(3),WS(3), AREA 8
1 TtAVELtSNV,H,IVIH AREA 9
COMMN/wALI/L IRFONGIERR AREA 10
COMM0N/CiLL/CELS II AREA 11
COMMON/1:NGFOM/L EOM AREA 12

c AREA 13
901 F0RMAT(1I1,6X,2A2) AREA 14
902 FOi{MAT(6EI2.8) AREA 15
908 FORMAT(lHOt22H-MEMORY OVLRLAP IN AREASX,7HLEGEOM=,16, AREA 16

I 5X,6HLAR EA=, I6,5X,6beIRF0~,16) AREA 17
909 FORMATCIHO,13HERROR IN AREA,5X,9HICODE =*0) AREA 18
910 FURMATIHO,8HAZIMUH=F10.3t5X,10HELEVATION=,F10.3) AREA 19
911 FORMiAT(1H0,I2HCELL SIZE ISF4.l,1X,1I-iXF4.l 11XA2,1H.,1OX, AREA 20

I 1I2HAREAS 1IN SQ.,LX,A2,IH.) AREA 21
912 FORM4A ( I HU ,511C3OE , 19X, 4HAREA/) AREA 22
913 FORMAT(15*15X,F12.5) AREA 23
914 FORMAM(HO,15HPRESENUIE AREA=,Fl2.5) AREA 24
915 FORMAT(IHO,IdHNIThBER OF CELLS 1S,15,IOX, AREA 25

1 2?HNUMB~g OF CELLS HIT 15,15) AREA 26
C AREA 27
c Ir4=1 I-r=2 CM=3 M=4 AREA 28
C 1 SQ. M. = 39.37 * 39.37 SO. IN. AREA 29
C AREA 30

DATA tHHINHHFIUiHCM,HHHt,HHtB/2HIN,2HFT,2HCM,2HM 92H /AREA 31
TYPFUN( I)=HHIN AREA 32
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TYPEUN()=HH-TAREA-3

TYPEUN(3)=HHFTM AREA 33

TYPEUN (4)=HHMO AREA 35
CONVRT(1,1)=1. AREA 36
CONVRT( 1,2)=.006944444444444444 AREA 37
CONVRT( 1*3)=6.451625B06 AREA 385
CONVRT( 1,4)=.0006451625806 AREA 39
CONVRT(2, 1)=144. AREA 40
CONVRT(2t2)=1. AREA 41
CONV&T (2,3)=929. 0341161 AREA 42
CONVRT(2,4)=.09290341161 AREA 43
CONVRT(3, 1)=.15499969 AREA 44
CONVRT( 3,2)=.001076386736 AREA 45
CONVRT(3,3)=1. AREA 46
CONVRT(394)=.O0O1 AREA 47
CONVRT(491 )=1549.9969 AREA 48
CONVRr(4#2)=10.7636736 AREA 49
CONVRT(4,3)=10000. AREA 50
CONVRT(494)=1. AREA 51
BLANK=HH-BB AREA 52

C AREA 53
LAREA=L IRFO-1000 AREA 54
IF(LAREA.GE-LEGEOM)GOTO 10 AREA 55
WRITE (69908)LEGEOMLAREALIRF) AREA 56
STOP AREA 57

10 LAREA1=LIRFO-1 AREA 58
DO 20 L=LAREA,LAREAI AREA 59
ASTER(L )=O. AREA 60

20 CONTINUE AREA 61
C AREA 62

READ (5,901)NX,NY,IRSTRT ,IENCNGIERRPNSTARTNENDCELLUN,AREAUN AREA 63
READ (5,902)AtEENGTHtZSHIF~iGROUND AREA 64
READ (5#902)XSHIFTtYSHIFrCELSIZ AREA 65
IF(IRSTRT .LE.0)IRSTRT=l AREA 66
IF(CELSIZ .LE.0.)CELSIZ=4. AREA 67
IF(NSTART.LE.O )NSTART=1 AREA 68
IF(NGIERR.LE.O)NGlERR=25 AREA 69
IF( AREAUN.EQ.BLANK )AREAUN=HHlN AREA 70
IF(CELLUN.EQ.BLANK)CELLUN=HHIN AREA 71
DO 30 1=1,4ARA 2
IFICELLUN.EQ.TYPEUN(I))GOTO 40 AREA 73

30 CONTINUE AREA 74
40 DO 50 j=lt4 AREA 75

IF(AREAUN.EQ.TYPEUN(J) )GOTO 60 AREA 76
50 CONTINUE AREA 77
60 AREA=CELS11 *CELSIZ *CONVRT(IJ) AREA 78

C AREA 79
RADIAN=.017453292519943 AREA 80
AR=A*RADIAN AREA 81
Ek=E*RADIAN AREA 82
SA=SIN( AR) AREA 83
CA=COS(AR) AREA 84
SE=SIN(ER) AREA 85
CE=COS(ER) AREA 86
KL=NX*NY AREA 87
NHIT=O AREA 88

C AREA 89
c PROCESS KL CELL'S IN GRID AREA 90
C 17AREA 91

DO 200 KK=NSTARTtKL AREA 92



, .-. .

s C?) -- F +~SA ARE A .93h (J - SFAREA 
'94

S=( (K- I) )/ X) ,1 AREA 95
J-,,K-{ ll-n)X 

AREA 96
L ' - (,' oo rtA [ OF GRID CELL IN GRID PLANE AREA 99

LLL /-.b* L I 
AREA 98

¢ II( Y/")-I cLSU +CFLL2 
ARLA L00V H F V ~ e L L ,,A R E A tO I

iJ=rL*AiX/2)- J)+CFLSI? +CELL2 
AREA 102

iRL.i = [tl.AREA 
103

AIEA 104IV l j= , IARFA 
b05l 

AREA [06C Co' ftil v,v ir RANDOM POINT IN GRI CELL AA: EA107V=VfLrL')IZ FLAI(IV)/I. CELSIZ 120.11=11+CILL'I/ *FI.OAr(Ii)/I .+CLLSIZ /20. 
AREA 108L X,Y,/ IN LOORDINAIE SYSTEM CF VEHICLE! 
AREA .110

A ( 0 l 
A 

-
REA .11

-
AREA 112X8S( JI=% IIIFI+V*C L 
AREA 113LALL IR ,PIC(W;)) 
AREA 114XS I )=x I ) P (I )vI.IOF-4 
AREA, 115A6 S (2) dS ( 2) +WP (2) * I. OE 4 
AREA 116

Ali 3 =01S ( 3+ WP ( 3)*1.O-4 
'!AREA 111Xts( I )XdS I )-LNGIH *W8( I) 
AREA 118Xd (4) =X' I 7 )- NG, I14*W 6( 2 ) jAREA 112

X! ( I)X+ BS(-I IGTI3) N 
AREA 120I F X o 3 .L G8 0 tUND))6p 0 O 00 A R A 120

C AREA 121
AREA 122

C IRAt_9. RAxY fu F'tRST COMPONLNT HIT 
-AREA 123C 
AREA 123C 

AREA 124R= IRs1 rl 
AREA 12.5

NASCr- I 
AREA 126110 CALL GI(SI,IRPRIP,XP) 
AREA 126

IF(IERR.(E.NGIERR)RF TURN A EA 12 8
IF( IRfRIM-LI.L )GOTO 200 

iREA 129IF(NASC.LE.NRfPP) IRPRIM=O 
AREA 130IF(lRPRIt,.IL,.0)GOrO 200 
AREA 131LOC-L IRI-QeIRPRIM-1 
AREA 132LALL tJN2(LOC,ICOVE,IDENT) 
AREA 133I0ENT=II)ENi- 1 
AREA 134

I1 ( 2F01-IIE,)IIO)*IO.EQ.O)GOTO 120 AREA 135IR= R 
. AREA 136Gvr(, I1, 

;ARQA 
137120 IF (ICD [IFO)GOT 0 13( 

AREA 138WRI TI (t),909) 
AREA 139O0TO 20o 
AREA 140130 1.0C--ARLA+ICCOE-I 
AREA 141AS t:R( L I E (LLC +AREA AREA 14 2;i I r=',HI 1+ 
AREA 143200 CONTINU L 

.AREA 
144C 

AREA 145C VR!',f Qi.SULIS 
AREA 146C 

AREA 147WliI" (0,1O)AE 
AREA 148wRIrL (o,911)CELSIZ, CELSIZ, CELLUN,AREAUN 
AREA" 149WARIIE I o,912) 
AREA 159SUM A =0. 
AREA 151

hO 250 1=1,99,) 
118 

AREA 152

II



WK I -E1(,1 UAAF'5

KF I UR RA16

L0CA&+- AREA 153

IFATRLC.E..GT 5 AREA 154
WRT !693LATRLC AREA 155
SUBROUTIN'AERf~(LOC)PIMP *** 27L'5

25 MANINU RA TRCKN ROUTIN 1573

WRGIVFN (6,15)KINREION I, AT PON ARE 1-T 1RE L 5

C A-EA 16?UBROFT4 EIO IPIG
C' I GE 163

C N.C1, ARE S-ATNWRi 14

C MINRA RAK SS ROTAE DITTAEE0YRYS A1 13
C G1, 14

C DIMENSO A A INRI:GIONR ATPOIN XB WISUt(50I'RFCrION ) -GI 15
COMON SNE hb3F0 :16EDSACE(i HENX I0O

IDTRNLOtI*OD,1,3,B~,*S~LO 61' z
COC OASCAL/ S ALFROM CSSACETO FIND NORMAL ,UIT 9a 2
1 N- V, HTR Nt A I V0 IIG1 221

DiMENONLSU/STRF3OOP3,B()LU1t0,A~(O I 1 215

COMMON/COARM/B(3,wHT 3IRS*E Gi 217
CUMMGN/GL*OM/IGSRDLNOULLRMRIIER S G~I 186

C0OMM0N/CAL/~1RSIZNLTESPC,,S G)W1),RvL r 21

COMMONALT/IE (ATRF,NGIER) G 1 23

C G1 29
901 FORMAT(W0I,32HERR0R, IN 61 AT 140 BAD ITYPE*5X,4HITY=,I53 01 30
902 FORMA111H0,33HERROR'IN G1 AT 510 SM O= PINFj5X,3HIR=t15), G1 '31
903 FORMAJ(41- Xb8,3E20.8/41- WB=,3E2O.8/ldX,5HKtCOOP,12X,3HNBOv 01 32

I 12x,31-iLRI12X,3HLRO,'11X,4H-NHIT,IIX,4HLOOP/6115) I 6 33
904 FORMAI(LI,15(2H* ),3Xt 9HERROR NO.115,jX,15(2H *)// 34
905 FOKPAT(34Xj4HCELL,214) 61' 15~
1906 -0RMAT(19H' ERROR IN G1 AT 6.401/41- jl=,I11O.4H- J2=',llOt7H LSU'RF~, GI 36

I 110,6H NASC=,t10,4H IR=i,104H SM=,IE21.10;'4H S1=tE,17.1O/; G1 37
2- 4H i8=q3e21.IO/4H XB=,3E21.iO), GI 38

367 FORMAT(t)OH THE, (SOLID POSITION/DEPTH/POINT NOW Al) IS ONE OF, 01 39)
1 6H THII-Se/611 XBD =,3E21.10/61- DIST=,E21.10//) , I G 40

908 FORMATielx,3HRIN,,12X,4tROUT,7XHENTERING,2XtHLEAVING,3X, p31 41
I BfIIODY NO.,5X,3HRiAY,/35Xt8HSIDE NO'.,2XBHSIOE NO.//) G1 42

910 FORMAT(//16H TILT RIN=ROUT=,E2O.1O,3OXr2HI=,I5//) , 0 43
911 FORMAT(2(2X,L1.8h,4X~i2.8Xtil2,p6XI5,5X,7HtTARTE0)/) GI0 44
912 FORM'4tr(2i2XEl5.8).4XI?,t8X,12,bXI5,5X,7HHAS HI-T/) 01 45
913 FORMAT(2(2X,,E15.8)',4X,l2,8X,12,6X,1l5,5X,7HLEAVING/) GI 0 46
914 F0RMAT(2(2XEl5.pI),4X,12,8Xi2,6XIl5t5X,7l IN /) 1 47

119



915 F0RMAT(2(2X,E15.8l.4X.I,,8X,12,6XI5,5X,8HENTERING/) G1 4 A

916 FORAATC2(2X,E15.l1).4X,I4 8X,12s6X,'5,5X,8HWILL HIT/ 6.1 'q

917 FORfIAT(//4(14H END ERROR NO.,1I4,3X)/) GI 56
918 FORMAIlI,5,211H ERROR~S !N G1, RETURN) GI 51GII

SI=0. 61 3
If-(NASC.(,r.0);OTO 2U 61 56

tll-W RAY GI
01 S I~o. G1 t
IF (KL0OP.LT. 32000)GOTO 15 G1 59
KLOOV:0 G1 60

LI 0J Lm 10 .t1OI)0Y + NR P P- 1 61 61

DO 10 I=L1O,1IO!I 61 62

10 LON f I^A); Gi l
15 K L 0 ) K .00 6+ I Gl

81-u(44 TRACING RAY 61 i
G1 beo20 GI

NFilI 1O 61 70
(C =1RE G + IR~-1 G1 71

CALL UN2(L0C,LOCtNC) 61 7

LOCLeL C-1 61 7~
61 1't

NC,=Ijtl~ OF BIODIES IN REGION DESCRIPTION G1 ' Y5

INID AI. AND ROUT FOR EACH OF THESE BODIES 61 '16I
'41N IS DIST FROM XB TO POINT WH4ERE RAY ENTERS THE BODY G 77

-tOLT IS D)IST FROM X8 TO POINT WHERE RAY LEAVES THE RODY 61 78
L IF ROUT = -PINF RAY DOES NOT HIT B~ODY 61 79f
c GI SELECTS SMALLEST OF RIN AND ROUT DISTANCES 0 DIST 61 80

1) UNIQUE RIN VALUE - -NEXT BODY IN PATH OF RAY G1 8!

L2) 2 OR MORE RIN VAL.UES - 2 OR si0RE BODIES HAVE 61 8?
C A COD'PON SURFACE G1. 83
C 3) RO)U[ FOR CURRENT BODY MFANS RAY WILL LEAVE 61 8.

[HI11S BODY BEFORE ENCOUNTERING ANOTHER 6! 85
61 86

00 500 ;1=i,Nc 61 87

L,-'C=1 C t 61G 82

CALL 0!N2(LOC,UUM,NBO) 61 81)

I If:MP=LIO+NBO-1 61 90

CALL tN3(1 Fl:-tP,lRI PLROPLOOP) 61 9]

I IGitOIY3(BO116 92

CALL U12( IIEMP,ITYPF,LOCDA) 61 ~93
IFCLOOP.NE.KLOOF')GOTO 130 61 96

C0OJFINUATION OF RAY 61 95

IF(ITYPE.GT.11)GOTO 140 61 96

JJK=LKIl'-NBO-1 61. 9-

RiN=ASTi-R( 1,1K) CI 9B

I JK=LROT+Nj$O-1 GI 99

KOkjl=;SfEk( IJK) 61 101)

IHI IrYPL.LT. lc,)GOTO 320 61 101

[OR AtiD ARS 61 102

C IF 91ST -GE. ROUT COMPUTE RIN ROUT SET 61. 103
IF (iROUT.LT.I . ),;OTO 320 61 1041

IFhI%~T.LI'.RObt)cOTO 320 G1 105

I F(mASC.f:O.NBO)NASC=O 61 10t,
120 61 107



130 LRL=l 61 LOB
LROIl G1 109
ITY=ITYPE+l GI 110
IFIITY.GE*1.AN0.I1Y.LE*l2)GOIO 200 GI 111

140 IERR=IERR+l 61 112
WRITE (6,901)ITYPE 61 113
G010 800 61 114t

C GI 115
C RPI' BOX SPH RCC REC TRC ELL RAW ARB TEC T0R ARS GI 116

200 G010(205,2l0,215,220,225,230,235,240,245,250,255,260),ITY G1 117
205 CALL RPP(NBO) G1 118

G010 300 61 119
210 CALL BOX 61 120

G010 300 GI 121
215 CALL SPH 61 122

G010 300 G1 123
220 CALL RCC 61 124

6010 300 61 125I
225 CALL REC GI 126

6010 300 61 127
230 CALL TRC 61 128

G010 30u 61 129
235 CALL ELL 61 130

6010 300 61 131
240 CALL RAW 61 132

10 T 300) 61 133
245 CALL ARB3 61 134

G010 30v 61 L35)
250 CALL TEC 61 136

6310 3 00 61 137I255 CALL TOR 61 138
6010 300 61 139

260 CALL ARS 61 140
C GI 141

300 IJK=LRIN+N8JO-1 61 142
ASTER( IJK)=RIN 61 143
IJK=LROT+NB0-1 G1 144
ASTER(IJK)=ROUT GI 145
IJK=LIOtNBO-1 61 146
MASrER( IJK)=KLOOP+-115*(LRC+b4*LRI) 61 147

G61 148
320 IF(NASC.NE.NBO)G010 330 61 149

IF(LSLRF )500500,340 61 150
C 61G 151

330 IFIROUT.LE.0.)GOTO 500 61 152
IF(RIN*GT.0.)G010 350 61 153

C 61 154
340 IF(ABS(ROu)T-SM).GT.SM*1.OE-6)GOTO 341 G1 155

ROUT =SM G1 156
1 JK=LROT+NBO-l 61 157
ASTER( IJK)=ROtT 61 158
6010 345 61 159

341 IF(R0UT-SM)342,345,500 61 160
342 IF(DIST.GE.ROIJT)GOTO 500 61 161

NHIT=0 61 162
345 61TNITlG 163

SM=ROUT 61 164

LSUI(NHITI)=-LRO 61 165
NASCI (NHIT)=NBO 61 166

6010 500 121 61 167



c G1 L68
350 IF(ABS(RIN-SM).GT.SM*l.OE-6)GOTO 351 G1 169

RIN=SM G1 170

I JK=LRI N+NUO-l 61 171

ASTER (I JK) RIN GI 172

G010 355 G1 173

351 IFCRiN-SM)352,355,500 GI 174

352 IF(D1ST.GE.RIN)GOT0 340 G1 175
NHI T%0 G1 176

355 NH1F=NHIT41 61 L77

SM=RIN GI 178

LSURT(NIIIT)=LRI 61 179

NASCT(NHIr)=NBO GI 180

C 61 181

500 CUNTINUE GI 182

C GI, 183

C SM.GE.PINF ERROR AT 510 IN 61 Gl 18',

C Gl 185

IF(SM.-LT.PINF)GOTO 530 61 186

WRITE (b,902)IR Gl 187

WRIIF (b,903)XBWB.KLOOPNBULRI1ILRO,NHirLOOP 61 188

GOTO 700 61 189

C GI 190

530 S1=SI+SM-DIST 61 191

UI ST=SM 61 192

XP(1)=Xt( 1 )+SM*WP( ) 6I 193

XP(2)=Xb(2) tSP.*WB( 2) 61 194

XPC3)=XB (3)+SM*WB( 3) 61 195

C 61 196

IF (NASC.EO.-2)RETURN GI. 197

C 61 198

C HIND NEX~T REGION (IRPRIM) 61 199

C 61 200

DU, 640 NM=1,NHIT 61 201

NASC =NAStT(NN) 61 202

LSURF=LSORT(NN) 61 203

LTROE=O GI 204

LOL=LBODY+3*(NiASC-1) 61 205

LOC=LOC+l 1 6 206

CALL UN2(L0CvLENTtLEAV) 61 207

LOC=LOC+l 1 6 208

CALL UN2(LOCNENT,NEAV) 61 209

IF(LSURF.LE.0)GOT0 600 61 210

JI=LENT G1 211

J2=LENT+NENT-1 61 212

GOTO 610 61 213

600 Jl=LFAV 6I 214

J2=LLAV+NEAV-1 61 215

C 61 216

610 IRPRIM=MASTERCJ2) 61 217

IF(JL.LE.J2)GOTO 620 61 218

IF(NASC.GT.NRPP)GOTO 700 61 219

IF(LSURF-)b30,700,700 61 220
GI6 221

c620 DO 625 J=JltJ2 61 222

IRPRIM=MASTER(J) 61 223

CALL WOWI(lRPRI,LSUkFNASCLTRUE) G1 224

IF(LTkUk.GT.0)GOTO 650 GI 225

625 0NrIUG 6 226

C 65CNI~ 122 61. 227



L RPP CIHECK G 1 228
C G 1 229

IF(NASC.Gr.NRPP)c.0IO 640 GI 230
IF(L PURr 1630,700,640 GI 231

630 LALL RPP2(LSUkF,XP,IRP) GI 232
IF(IRP.Gd.0)GOT0 631 GI 233
IRPRIMUb GI 234
eL TUIN Gi 235

C GI 236
631 LTKU t=O GI 237

L0C:LBOIjY+34( IRP-1) GI 238
10C=L.C+ 1 GI 239
CALL lN2(LOC,LENT,IEAV) GI 240
LOCLLC+l GI 241
CALL UN2(L0CNENT,'9NEAV) GI 242
J 1=LEtIT GI. 243
J2=LFkNT4NFKT-1 GI 244
IF(JI.Gr.J2)G0I0 700 GI 245

C Gi 246
00 b32 J=JloJ? Gl 241
[RPR IV,=ASTLRC J) GI 248
CALL W~wI(1tRPRI'~,L~kJRF9IRP,LTRUE) Gl 249
IF(LIRUF.GT.O)G0I0 650 Gi 250

632 CONTINUc GI 251
L Gl 252

640 CONTINUE GI 253
GOTO 700 Gl 254

CGI 255
C NL*Xi REGION (IRPRIM) HAS BEEN DETERMINED GI 256
C GI 257

650 IF(IR.EQ.1RPRIM)GOTO 660 Gl 258
IF(Sl.EQ.O.)GOTO 660 Gl 259
IF(Sl*Lr.0.)GOTO 70') Gl 260
IF(AHS(S11.LE.1.OE-6)GOTO 660 GI 261
IF(IVOLUM..EQ.IYES)RETURN GI 262
IF( ITESTG.EQ.IYES)RErURI, GI 263
LOC=LIRF0+IR-1 Gl 264
CALL UN2(LOC#ICODE,IDENT) GI 265
LOC=L IRFO+IRP$.IM-1 GI 266
CALL UN2(LOCiCODE1,IDENrI) GI 267
IF(LCENT.EQ.1)GOTO 655 GI 266
IF(IOENI.EQ*IDENTI)GOTO 660 GI 269
RETURN GI, 270

655 IF(ICODE.NE.ICODEI)RETURN GI 271
660 IR=IRPRIM GI 272

GOTO 20 GI 273
C GI 274
C DIAGNOSTIC ERKOiR PRINT Gl 275
C GI 276

700 IERR=IERR+l GI 277
WRITE (6,904)IERR 01 278
IF(IVOLuM.EQ.[YES.OR.ITESTG.EQ.IYES)GOTO 705 GI 279
IH=ABS(H/CELSIZ )+.5 GI 280
IF(H.LT.0. IIH=-IH GI 281
IV=ABS(V/CELSIZ )+.5 GI 282
IF(V.LT.0. IV=-LV GI 283
WRITE (6,905)IHIV GI 284

705 WRITE (6,906)JlJ2,LSURFNASC,IRSMSlWB,XB G1. 285
XBD( 1I=X3( 11-01ST GI 286
XBO(2)=XR(2)*-DIST 01 281
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iI

XdD(3)=XB(33-DIST GI 288
wkIrE (6,907)XB,DIST G1 289

WRIIE (6,908) G1 290

N=NB0DY+NRPP GI 291

c GI 292
DO 750 I=,NN GI 293

LO(=L IO+I-! GL 294

CALL UN3(LOCtlIv1213) GI 295
IF(KLOOP.NE.13)GOTO (50 GI 296

IJK=LRIN+I-1 GI 297

RIN=ASTER(IJK) GI 298

IJK=LOr+I-l GI 299

gOUr=ASTFR(IJK) GI 300

IH(RINNE.ROUT)GOTO 710 GI 301
wRITE (b,910)RIN9I GI 302

(GOTO 750 GI 303
GI 304

710 IF(AfS(RIN).NE.PINF)GOTO 720 GI 305
IF(ABS(ROUT )-PINF )740,750,740 GI 306

720 IF (RIN-UIST)730,744#745 GI 307

730 IF(ROuT-DIST)741,742v743 G1 308

C GI 309

740 wRITE (6,911)RINtRUUT, IlI2t G1 310

GOTO 750 GI 311

741 WRITE (6,912)RIN,ROUI,I1,12,I G1 312

GOIO 750 GI 313

742 WRITE (6,913)RIN,ROUTIl,12,I GI 314

GOTO 750 GI 315

743 WRITE (6,914)RIN,ROUTI1,12,I G1 316

GOO 750 G1 317

744 WRITE (6,915)RIN,ROUTI1,12,I G 318

GOTO 750 G1 319

745 WRITE (6,916)RINROUT,I1,12fI G 320
GI 321

750 CONTINUE Gl' 322

WRITE (6,917)IERR,IERRIERRIERR GI 323

IRPRIM=-1 G1 324

C G1 325

800 IFULERRGE.NGIERR)WRITE (6,918)NGIERR GI 326

RETURN GI 327

END G1 328

C G1 329

C G1 330

SUBROUTINE WOWI(JREGLSURFNEXLTRUE) * 28

C WOWI 2

C GIVEN A POINT (XB) AND A REGION (JREG), DOES XB WOWI 3

C LIE WITHIN JREG WOWI 4

C WOWI 5

C SUFFICIENT CONDITION FOR POINT X8 TO BE IN REGION WOW! 6

C JREG, IS THAT REGION DESCRIPTION OF JREG BE WOWI 7

C SATISFIED. rWo REGIONS CANNOT BE SATISFIED FOR WOWI 8

C THE SAME POINT WOW! 9

C WOW! 10

C + OPERATOR VALID IF ROUTGT.O AND RIN.LE.DIST.LTROUT WOW! 11

C - OPERATOR VALID IF ROUT.LEO OR DIST.LT.RIN OR DIST.GE.ROUT WOWI 12

C OR OPERATOR VALID IF ALL (+) AND-(-) IN (OR) STATEMENT VALID WOWI 13

C WOW! 14

C REGION DESCRIPTION WITH I OR MORE (OR) STATEMENTS VALID WOWI 15

C IF ANY ONE OF (OR) STATEMENTS IS VALID WOWI 16

C REGION DESCRIPTION WITH NO (OR) STATEMENTS IS VALID ONLY WOW[ 17
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C IF EVERY M+ AND -)OPERATOR IS VALID wow( 18
c WOW! 19

DIMENSION MASTER(30000) WOW! 20
COMMON ASTER(30000) WOW! 21
COMMON/PAREM/XB(3)#WB(3), JR WOWI 22
COMMON/GEOM/LBASER!NROUTLRILROPINFIERRDIST WOW! 23
COMMON/UNCGEM/NRPPI4TRIP,NSCAL ,NBODYNRMAXtLTR!PLSCALLREGD, WOW! 24
1 LDATALRIN,LROTLIOLUCOA,115,!30.LBODY,NASCKLOOP WOW! 25
EQUIVALENCE(ASTERIMASTER) WOW! 26

C WOW[ 27
901 FORMAT(IHO,32HERROR IN GI AT 140 BAD ITYPE95X,4HITY,!t5) WOW! 28

C WOW! 29

LOC=LRC*GD+JREG-1 WOWL 30
CALL UN2(LOCLOCD,NC) WOW[ 31
CALL UN2(LOCDIOP,NBO) WOW! 3?
N1l WOW! 33
IOPER~li)P WOW! 34

C WOW! 35
C EXAMINE NC CHOICES N=1,NC WOW! 36

C WOW! 37
10 ITIEMP=LIO+NBO- WOW! 38

CALL UN3(IrEMPvLRILR0,LOOP) WOW! 39

ITEMP=LOYt3*(NBO-1) WOW! 40
CALL. UN2( ITEPP,ITYPEtLOCDA) WOW! 41
IF(LOOP.NE.KLOOP)GOTO 30 WOW! 42

C CONT!NUAT!CN OF RAY WOW! 43
IP'(IrYPE.6;T.1I)GOTO 40 WOW! 44

I JK=LkH! N+NBO- I WoW! 45
RLN=ASTER( UK) WOWI 46
I JK=LRO I+NBO-l WOW! 47
ROUT=ASTER( IJK) WOW! 48

!F(ITYPL.LT.10)GOTO 310 OI4

C ~IF DIST 0 ROUT COMPUT R!N/ROUT SET W 5

IF(ROUTLT.O)GOTO 400 WOW! 52
IF(DISTLE.ROUT)GOTO 310 WOW! 53

C WOW! 54
30 LHI=I WOW! 55

LROIl WOW! 56
ITY=ITYPE+l WOW! 57

IF(ITY.GE.I.AND.!TY.LE.12)GOTO 100 WOW! 58
40 IERR=IERR+l Ww!w 59

WRITE (69901)!TYPE WOW! 60

RETURN WOW! 61

C RPP BO0X SPH RCC REC TRC ELL RAW ARI3 TEC TOR ARS WOW! 62
100 GDTO(11O,120,130,140,150,160,170,180,

1 9O,2 0 ,?IO. 22O), ITY WOW! 63

110 CALL RPP(NE3O) WOWI 64
GOTO 300 WOW! 65

120 CALL BOX WOW! 66

GOTO 300 WOW! 67
130 CALL SPH WOW! 68

GOTO 300 WOW! 69
140 CALL RCC WOW! 70

(;OTO 300 WOW! 71
150 CALL REC WOW! 72

GOTO 300 WOW! 73
160 CALL TRC WOW! 74

GOTO 300 WOW! 75
170 CALL ELI 2 WOW! 76

GOTO 300 15WOW! 77



180 CALL RAW WOW! 78
GOIb 300 WOW! 79)

190 CALL AR11 wow[ 80

GOTO 300 Wow! 81
200 CALL TFC WOW! 82

uOIO 300 wOW! 83

210 CALL TOR WOW[ 84

6010 300 oWL.W 85

220 CALL ARS WOW! 8b

C WOW[ 87

300 !JK=L[0+tIB0-l WOW! 86
MASIFR( !JK)=KLOOP,115*(LRO+64*LRI) Ww!w 89

C WOW! 90
310 !H(ROUT.LL.0.)GOTO 330 WOW! 91

IF(ABS(RIN-D!ST) .GT.OIST*1.uE-6)GOTO 320 WOW! 92

H !N=D! srWOW! 93

GOrO 330 WOW! 94

L. WuW! 95

320 IF(A3S(R01T-ISH.LE.D!ST*1.OE-b)ROUT=D!ST woiw! 90

L. WOW! 97

330 IJK=LKI4*NtO-l wowl 99
ASTLR( !JK)=K!,N ww
IJK=LROT+NBO-l WOW!I 100

ASTFR( !JK)=ROUT WOW! L01

C WO0'1 102

C TEST' CONDTONS FOR X6 IN~ JaEG (ITRUE SET=1) WOW! 103

C WoW! 104

40O0 !F(!OPER.GT.4)GOTO 500 WOW! 105

C (+) OPERATOR TEST FOR INSIDL R!N.LE.V!ST.LT.ROUr WOW! 106

IF(RIN.GT.VST)GOTO 700 WOW! 107
IF(DIST-RCUTl6001700,700 W3)W! 108

C C-) CPERAFOR TEST FOR OUTSIDE 0IST.Lr.RIN DIST.GE.ROUT WOW! 109

*500 IF(ROUT.LE.O.)GOTO 600 WOW! 110

IF(D!ST.LT,R'UN)GCTO 600 WOW! III

!F(O!ST.EQ*RIN)GOTO 700 WOW! 112

!F (O!ST.LTROUT) 6070 700 WOW! 113

C CHECK NEXT BODY IN DESCRIPTION WOW! 114

600 IF(tN.GE.NC)GOTO 800 WOW! 1.16
N=tN 1WO! 1
LOCU=LOCD+1 WOW! 117

CALL UN2(LOCC,!OPERNBO) wow! 118

IF( !0PER.EQ.1.0O.IOPER.EQ.5)G0T0 800 WOW! 119

60T. 10 WOW! 120

C OR OPERATOR WOW! 121

700 IF(UGPoNE.1.AND.!OP#NE.5) RETURN WOW! 122

IF(,N.GE.NC IREIURN WOW! 123

Nj=Nf.4+I WJWI 124

00 710 NN=NvNL WOW! 125

LOCO=LOCD+ 1 WOW! 126

CALL tN2(LOCD, !OPER,NBO) Wow! 127

!F(!OPER.NE.1.ANU.!OPER.NE.5)GOTO 710 WOW! 128

N =N WOw! 129

GOTO 10 WOW! 130

*710 CONIINUL WOW! 131
kETURN WOWI 132

C WOW! 133

800 L!'ULTRUE+1 WOW! 134

RETURN WOW! 135

END 126 WOW! 136

C WOW! 137



SUBROUTINE ARB 
WOWI 298DIMENSION AA(6,4),XP(3) R 29COMMON ASTER(30000) 
ARB 2

ARB 4COMM/ON/LAERNRURRIF 
ERD 

R/UNCGEt/NRPPNRI1PtNSCALNBODYPNRX LPLSCAL, LREG, AB 65ILOATALR[tLROoLlOPLocCAh,15 130,LBODYNASCKLOOP 
ARB 7

00 10 I116 

ARB toLOC=LOC+l 

AMES 11CALL UN2(L0CvLO9LC) 
AIR8 12

AA( I)=ASTER(LC) 
ARES 13

AA(1I,21=ASTEP.(LC+t 
AHES 14

AA(l,3k=ASrERcLC,2) 
AtR3 15

AA( I.4 kASTERILD) 
ARES 1610 CONTINUE 

AMES 17RIN=-PIN- 

ARES 18ROU r:P INF 
AHI3 19LRO=0 

ARB8 20LRI=O 

ARI3 2151=0. 

ARES 22SZ=O. 

AJR8 23
L1:C 

ARES 24L2=0 

AMES 25DO 70 1=1#6 

ARB 2O=AA( 1,41 
R 26SNMIA 9)X~l-A12)*XB (2)-AA I I31*XB (3) AMES 28

SOEN=AA(I,1)*W.B(I)+AA(li
2)*WB(2,+ AA(1931*WB(3) 

AB 2IF(SEN)Ov793OARB 
2920 IFtSNUM)40,70,

7 0  
ARES 31

3C IF(SNUM)70,70,
40 

ARB3 3240 S=SNUM/SDE.N 

ARB 33
DO 50 K=1,3 

AMES 34XP(PKI:XBCK)+S*WB(K) 

ARES 35
50 CONTINUE 

ARES 3600 60 J=196 
AMES 37IFIE~)OO60 

ARES 38
T=AA(J, I)*XPLI)+AA(Jt21*XP(2),AA (J,3)*XP(3)tAA(J,

4 J ARES 39IF(A8Scr,.LE..oE.
6)T=. 

AR8 40IF(T.LT.0.)GOTO 70 
AMES 4160 CONTINI 

AMES 42IF(Ll.Gr.0loTor 65 
ARB 43S I SA 
R E S 4 5SI SARES 

4 5
G010 70 

ARES 4670 CONTINUb 

A B 4C 65A(8RBs)o.o..)GF 
0 

8 49IF(L13200r
200, 150 

AMES 50LOO S2=S 

ARB 50lF(AESfSI-S2)LESl*10E-5)G 
200 

ARES 53IF(I-2)l~tO~p2OARES 
52110 I = lA 

B 5
ROUT: S2 

ARb 56
Li( =L lAME 

57
LRO=L2 

127 
AB 5

RETURN 

ARES 59



120 PIN=S? AR13 60
LRI=L2 ARI3 61

130 ROLJT=Sl AR6i 62
LRO=1.l AtR8 63
RE TURN ARB 64

150 DO 160 J=1,6 ARB 65
IFILI.EQ.J)GOTO 160 ARI3 66
TI:AA(J, 1)*X8( )+AA(J,2)*XR(2)+AA(J,3)*XB(3)+AA(J,4) AIRH 67
IF(ABSfIW.LE.1.OE-t)T1=0. AK8 b8
IF(TI1.L .0.)GOTO 200 ARB 69

160 CONTINUL ARB 70
GOTO 130 ARO 71

C ARB 72
200 R IN=11I Nf AR 73 -

ROUI=-P INF Af{8 74
LRI=O AR13 75
L R0 =f AKI3 76
RF TUqN ARS 77
END ARB 78

c 14MB 79
C ARB 80

SUBROUTINE ARS **** 30
DIMENSIoN% MASTER(3O000),C0LI(3),C0L2(3),C0L3(3),C0L4(3), ARS 2
1 U(3),V(3h,1A3) ,SAVE(84) ARS 3

COMMO0N ASIER(30000) ARS 4
C0MMON/l'AREm/Xi( 3)o,W6(3)vIR ARS 5
COMMON/GFQtl/LBASF,HIN,R0Ur,LRI,LRO,PINF, IERRDIST ARS 6
COMMON/UNCGEM/NRPP,N TRIP,NSCAL,NROOY,NRMAX,LTRIP,LSCAL ,LREGD, ARS 7
I L).IA,LKIN,LF&0JLIO,LU.CDA115,130LBOUYNASC,KLOOP ARCS 8
COMMON/tDAVIS/IGRID,LOOPPINORM ARS 9
EQUIVALENCE(COLII,COL1(1) ),LCOL12,COLI(2)),(COL13,COLI(3)) ARS 1.0
EQU[VALLN'CE(CGL21,COL?(l)),(C0L22,COL2(2)),(C0L23,COL2(3)) ARS 11
IQUIVALENCE(COL31,COL3(1l,)(C0L32,COL3(2)l,(C0L33,COL3(3)) ARS 12
1'UIVALENC'E(C014lCCL4(1)),(C0L42,C014(2)),(C0L43,COL4(3)) ARCS 13
cQUIVALL-NCE IASTlER,MASTER) ARS 14

C ARS 15
901 FORMAT(IH0,21HTROU3LE IN ARS AT 150) ARS 16
902 FORCAI(IH,48HPOSSIBLE ERRORC IN ARBITRARY SURFACE, CHECK INPUT,I5)ARS 17

C AqS 18
C ASTER/1VASTER ARCS 19
c LOCDA+O r TEMPORARY STORAGE ARS 20
c +1 m NO* CURVES ARS 21
C +2 NNO. POINTS/CURVE ARCS 22
c +3 IGDTL GRID TOLERANCE ARS 23
C +4 BIAS5 NO. OiF NEGATIVE OR ZERO HITS ARS 24
C +5 XB(X) ARCS 25
C +6 XR(Y) AR~S 26
c +7 XB(Z) ARCS 27
C +8 (84 WORDS) RESERVN) FOR HITS ARS 28

C .ARS 29
C *.ARCS 30

C .. ARS 31
C 91.ARS 32
C +'2 X 3 ARS 33
C *y )N=l M SETS OF N POINTS ARS 34
C *Z 3 )M~l ARS 35

C*K) ARCS 3b
C .. IIARS 37

C . )N=2 IARS 38
C *. ) )ARCS 39
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C • ) ARS 40
C ARS 41
C M = THE NUMBER OF CURVES INPUT ARS 42
C N = THE NUMBER POINTS/CURVE ARS 43
C IGOTL THE NUMBER OF GRID SQUARES TO ALOW AROUND EACH POINT AAS 44
C IBIAS= THE INDEX INTO MASTER TO THE NUMBER OF DISCARDED HITS ARS 45

C ARS 46
C LOCHS IS THE LOCATION OF THE AREA IN MASTER-ASTER ARS 47
C RESERVED FOR STORING HITS ARS 48
C AKS 49
C LOCARY IS THE LOCATION IN MASTER-ASTER OF THE VATA POINTS ARS 50
C THEMSELVES IN FORMAT( X , Y , Z , GRID SQUARE) ARS 51
C ARS 52
C ARS 53

NE=4 ARS 54
IWH=MASTERILOCDA) ARS 55
IBIAS=IwH+4 ARS 56
LOCHTS=181AS+4 ARS 57
IF(INORM.EQ.O)GOTO 20 ARS 58
DO 10 I=1.84 ARS 59
IJK=LOCHTS+I-I ARS 60
SAVE(I)=ASTEk(IJK) ARS 61

10 CONTINUE ARS 62
GOTO 30 ARS 63

20 ASTERiIWH+5)=XB(I) ARS 64
ASTER(IWH+6)=XB(2) ARS 65
ASTER(IWH+7)=XB(3) ARS 66

30 IF(KLOOP.EQ.LOOP)GOTO 400 ARS 67
C ARS 68

LRI=l AKS 69
LRO=l ARS 70
M=MASTER(lWH+1) ARS 71
N=MASTER(IWH+2) ARS 72
IGUTL=MASTER(IWH+3) ARS 73
LOCARY:LOCHTS+21*NE ARS 74
NHITS=O ARS 75
ASTER(LOCHTS)=PINF ARS 76
MASTER(IBIAS)=O ARS 77
KAPPA=M-1 ARS 78

C ARS 79
C ARS 80
C IN THE EVEN CASE, THE TRIANGLES ARE - ARS 81
c ARS 82
C (1) (I,J) ti+l,J) (I,J+4) ARS 83
C (2) (,i-1) ARS 84

C (3) (1-l,J) (I,J+l) ARS 85
C (41 )),J-1) ARS 8b

C ARS 87
C ARS 88
C IN THE ODD CASE, THE TRIANGLES ARE - ARS 89

C ARS 90
C (1) (I,J) (1+1,J) (I+I,J+l) ARS 91
C (2) (lI1,J-l) ARS 92

C (3) (I-1,J) (l+1tJ+l) ARS 93
C (4) (I +,J-1) ARS 94

C ARS 95
L NOTE THAT THE ONLY DIFFERENCE IS T:;E kOW DESIGNATION OF W ARS 96

C ARS 97

C BECAUSE Of THE INCREMENTATION OF I AND J, WE NEED ARS 98

C CONSIDER ONLY CASES (1) AND (2) ARS 99
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C AiRS 100
UO 200 1 IKAPPA ARS LOI
00 200 J=1,N ARS 102
I TRYxL) ARS 103
K. I1 IJ + /42 A :RS 104
l0DVU I J-2*K ARS 105

C ARS 106
1W1=4*((I-1+100D)*NtJ)+L0CARY ARS 101
IFCN.LE.J)GOTO 190 ARS 1015

100 1V1=4*UI*N+Cj-l1H+LOCARY AIAS 109
IUI=4*U1I-1)*N+(J-fl.+L0CARY ARS 11d
IF(INORM.E-Q.0)GOTO 110 ARS 11X.
IF(IABS(IGRIO-MASrER(1u1+3)).GT.IGooruGOTO 200 ARS 11
IF(IAlS(IGRIo-,'~srER(IVI+3)).GT.IGCrL)Goro 200 ARS 113
Ir'(ABS(IGRID-PASTER(lW1t3)).GT.1GDTL)GOT0 180 ARS Al't

110 00 115 K=1,3 ARS 11%
I JK= lUl+K- 1 AllS 116
LJIK)ASTERI IJK) ,AR5 117'
I JK: lVI K- I AR& 118
V(K)=ASTER( IJK) A.R S I1t9
IJK=IW1+K-1 AkS 120)
W(K)=ASrER( IJK) ARS 121

115 CONTINUE ARIS 122
C ARS 123
C AT TIS TIME: WE HAVE Ut,r SIDES OF 'rRIANGLE ARS 124
C ARS 12,5

DO0 120 K=1,3 A.RS 126
C0L 1(K) =U( K)-W (K) ARS, 127'
COL2IK)=V(K)-W(K) ARS 128
COL3(K)=-WB(K) ARS 12'9
C014(K)=XR(K)-W( K) ARS 130

120 CONT I Wt- ARS 131
1) COLII*(COL22*C0L33-C0L23*C0L32) ARS 1,32
1 -C0112*CCOL2t*C0L33-C0L23*COL3l) ARS 133
2 4CL13*(CCL21*C0L32-C0L22*C0L31) AMS 134
IF(AtiS(tb).LE. I.OE-6)GOTO 180 ARS 135

C ARS 136
DALPHA= L0L41*(C0L22*C0L33-C0L23*C0L32) ARS 137
1 -L0L42*(C0L21*C0L33-C0L23*C0131) ARS 136
2 +COL43*(C0L21*C0L32-C0L22*C0L31 ) ARS 139
ALPfHA=DALPHA/D ARS 140
IFIALPHAL*( 1.-ALPFIA).LI.O.)GOTO 180 ARS -141

c ARS 142
DBCFA =COLI1*(C0L42*C0L33-C0L43*C0L32) ARS 143
I -COL12*(CL41*C0L33-C0L43*C0131) I S 1'44
2 +COL13*(COL41*C0L32-C0L42*C0L31) ARS 145
BE1A=DBETA/) MRS 146
IF(BETA*(1.-BFTA).LT.O.)G0T0 180 ARS 147
T P zA L PH A +S E Er A AMS 1481
IF(IVI*( 1-IP) .Lr.0.)GOIO 180 ARS 149,

C ARS 150
O-S COL1I*(C0122*C0L43-C0L23*C0L42) ARS 151
1 -COL!2*(C0L21*COL4t3-(cL23*C0L41) ,S12%
2 +C0L!3*(C0L?1*COL42--C0L22*C0L41) ARS 153

S = 0S/ 41ZS 154
C ARS 155

I F ( N IIII S.Tr. 20G 0T0 4 00 ARS 156
LIMITzNIIITS4I AAS 157
LIMIT 1=LOCfAIS+20*NE-1 ARS 158
TRY=1-IrRY-ITRY 130 AilS 159



CALL CROSS(COL3*COLItC0L2) ARS 160
0)0 140 L- #3 ARS 161
CoL3(L)=TRY*COL3(L) ARS -162:

140 CONTINUE ARS 163
DO0 150 L=l'vLIMIT ,ARS 164'
INDEX=LOCHTt+(L-1)*NE IARS 165
IF(S.LF.ASTER(INDEXU)GOTO 100. ARS ,166

150 CONTINUE ARS 167
WRITE (6,901)* 'AMS 168

* GbTO 180 ARS i69
C ' APS '170

C A'RS' 171
160 D0 165 L=INDEX,LIMITI .IRS 172

IJK'=LIMITI+INDEi-L IALS, 173
IJKI=IJK+NE. ARS 174
ASTER(IJKI)=AsrER(IJK) ARS 175

165 CONTINUE AlJS 116
ASrER.(INOEX)=S ARS 1177
00 170 1=1,3 aARS 178
IJK=.1NDEX+L ARS 179 I
ASTERI IJK()=C0L3fL) A'RS 180

i70 CONTINUE 'ARS 181

NliiTS=NHITS*1 ARS 18 2
a180 IFIITRY.GT.O)GOTO 200 .ARS Y83'
190 IWI=IWI-8 ARS 184

ITRY='1 ARS 185
JFLJ.GT.1)GOTO 100 ARS 186

200 CONTINUE ARS 187
c AICS 188

C THIS SECTION CHECKS *FOR PROPER ENTER-LEAVE SEQUENCE IN HITS TABLE AR'S 189
C ARS 190

IF(t4AITS-1)800,2 10,220 ,RS '191
210 ASTER(LOCHTS)=PINF /4RS 192

IJ KLOCHTS+NE .* ARS .193'
* ASTER(IJK)=PINF Aks' 194

GUTO 800 .'ARS 195
220 ILEAVE. ARS 196

SLAT=-INFAAS 1.97
C ARS 198

C ILEAVE z-1 IMPLIES AN ENTRY ,ARS 199
L ILEAVEtz +1 IMPLIES AN EXIT J AR'S 200
C ENTRIES AND EXITS SHOULD ALTERNATE I N TABLE ARS 201
c ARS 202

00 300 11,#NHITS *ARS 203
INDEX=LJCHTS+(L-1)*NE sARS 204'
00 230 11=1,3 ARS 205
I lJ K:I NO EX+ Ll ARMS 206
COL4(L1)=ASTER(IJK) ARS 207

230 CONTINUE, ARlS 208
TkMP=DOTiWB,COL4) ARS 209
INEAT=SIGNII.6,TEMP) ARS 210
IF(ABS(SLAST-ASTER(INDEX)).GT.1.OE-7)GOTO 235 ARS 211
IF(IEAVE4INEXT.GE:.0)GOTO 260 ARMS 212
LTRY=L ARS 213
INDEX=INDEX-NE a ARS 214
aGOTO 273 'ARS 215

235 IJK=INDEX+NE. ARS 2A6
IF(ABS(ASTER(INDEX)-ASTER(IJK)).GT.1.OE-7)GOT9 240 ARS 217
IF(ILEAVE*INEXTI29Ot250,25O ARlS 218

240 IF(ILEAVE*INEXT)290,28Ot28O AtlS 219



C ARS 220
C BAD START OF A NEW S SET -TRY TO FIND AN ALTERNATING MEMBEk ARS 221
C ARS 222

250 L[RY=L ARS 223
251 LTRYxLTRYtI Ai4S 224

IF(LTRY.GT.NHITS)GOTO 280 ARS 225
INDEX1=LOCHTS+(LTRY-1 3*liE ARS 226
IF(ABS(ASTER(INDEXI-ASTER(INDEXI)).GT.1.OE-7)GOTO 280 ARS 227
UO 252 L1=193 -ARS 228
I JK= INDEX I+L I ARS 229
COL4(Ll)=ASTER( IJK) AVS 230

252 CONTINUE -ARS ' 31
TEMP=0OT (WB9COL4) AltS i32
INEXT=SIGN( I.OTEMP) ARS 233
1FI.ILEAVE*1NEXT.GE.OIGOTO 251 ARS 234
LrRY=L+1 ARS 235
GOTO 270 ARS 236

AC AS 237
C AT THIS POINT wE HAVE DETECTED TWO CONSECUTIVE ENTRIES OR EXITS ARS 238
C TRY TO RESOLVE BY DELETING ITEMS WITH EQUAL S ENTRIES ARS 239
C ARS 240

260 LTRY~Ik ARS 241
261 LTRY=LTRY+1 ARS 242

IF(LTRY.LE.NHITS)GOTO 262 ARS 241
LTRY=L+l ARS 244
GOTO 270 ARS 245

2b2. INDEX1=LOCHTS+(LTRY-1)*NE ARS 246
IF(AKS(ASTER(INDEX)-ASTER(INDEXI))-.LE.L.OE-7)GCTO 263 ARS 247
LTRY=L+lI ARS 248
GOTO 270 ARS 249

263 DO 264 L1=1,3 ARS 250
IJK=INDEXI+Ll ARS 251
COL4(Ll)=ASTER(IJK) ARS 252

264 CONTINUE ARS 253
TkMP=DOT(WBqC0L4) ARS 254
INEXT=SIGN( 1.09TEMP) ARS 255
IF(ILEAVE*INEXT.GE.O)G01O 261 ARS 256
LTRY=L ARS 257
INDEX=INDEX-NE ARS 258
GOTO 270 ARS 259

C ARS 260
C PROCEED TO FORGET FROM INDEX THRU NEXT ENTRY WITH DIFFERENT S ARS 261
C COMMENCING TO CHECK WITH THE L TH ENTRY ARS 262
C ARS 263

273 INDEX1=LOCHTS+(LTRY-1)*NE ARS 264
IF(ABS(ASTER(INDEX1)-ASTER(INDEXflGT.0.)GOTO 271 ARS 265
LTRY=LTRY+ 1 ARS Z66

270 NHI-TS=NHITS-1 ARS 267
IF(NHITS-l )800,210,273 ARS 268

271 00 272 LTRY=INDEX,LIMIT1 ARS ?69
IJK=LTRY+INDEXI-TNOEX ARS 270
ASTER(LTRY)=ASTER( IJK) ARS 271

272 CONTINUE ARS 272
GOTO 220 ARS 273

C ARS 274
280 WRITE C6,902)INDEX ARS 275
290 SLAST=ASTER( INDEX) ARS 276

ILEAVE=INEXT ARS 277
300 CONTINUE ARS 278
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c NOW CHOOSE THE HIT (THIS SECTION ALSO ENtERED FOR REENTRY) ARS 280
C ARS 281

400 00 420 1s1,2O AKS 2821
IISTLOCTS+!-I*NEAKS 283

I2NDLCOCHTS+I*NE ARS 284
IF(ASTER(12ND)*GE*PINFlGOTO 800 ARS 285

IF(ABS(ASTER(IIST)-ASTER(12ND)).LE.1.OE-7)GOTO 420 ARS 287

IF(O!STLTeASTER(IIST))GOTO 41.0 ARS 288
IFIDIST.GT.ASTER(12N0))GOTO 420 ARS 289

410 K2(MASTER(IBIAS)*I)/2 AKS 290
IF(2*K-1-MASTER( IBIAS) )500,510.510 ARS 291

420 CONTINUE AKS 292
C ARS 293

500 RIN=ASTER(IIST) ARS 294
ROUF=ASTEK( I2ND) ARS 295
GOTO 810 ARS 296

510 RIN=ASTER112NO) AKS 291
IJK=12ND+NE ARS 298
ROUr=ASTER( IJKI ARS 299
GOTO 810 ARS 300

800 RIN=-PINF ARS 3C1
ROUr=0. ARS 302

810 IF(NASC.GT.-2)RETUKN AKS 303
00 820 1=1,84 ARS 304
IJK=LGC.TS+ 1-1 ARS 305
ASTER(IJK)=SAVE( I) ARS 306

820 CONTINUE ARS 307

RETURN ARS 308
END ARS 309

CARS 310
C ARS 311

SUBROUTINE BOX ***31

DIMENSION MASTER(30000) BOX 2
COMMON ASTER(00C00) BOX 3
COMMON/PAREM/XB( 3) ,WB13)vIR Box 4
COMMON/GEOP/LBASE,RINR0UrLRILROPINFIERROIST BOX 5
COMtON/UNCGEM/NRPP,NTRIP,NSCAL,NBODY,NRMAXLTRIPLSCALLREGD# BOX 6
I LDATA,LRINLROTLIOLOCDA,115,130,LBODYNASCtKLOOP BOX 7
EQUIVALENCE (MASTERvASTER) BOX 8

c BOX 9
CALL UN2(LOCOA,IVvIH1) BOX 10
LOC=LOCDA+1 Box 11
CALL UN21LOCt1H2tlH3) BOX 12
RIN=-PINF BOX 13

ROUI=PINF BOX 14
DO 105 1=1,3 BOX 15
IF( I-2)11,12,13 BOX 16

* 11 11=2 BOX it
GOTO 14 BOX 18

12 11=1 BOX 19
GOTO 14 BOX 20

13 11=3 BOX 21K14 A=O. BOX 22
vP=o. BOX 23
W=O * BOX 24
DO 15 J=1,3 BOX 25KJV=Ivfj BOX 26
JA=IH1+J BOX 27
VP=VP+(ASTER(JV-1I-XB(J))*ASTER(JA-1) BOX 28
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wWWB(Jl*ASTER(JA-1) BOX 29
A*A+ASTER(JA-1)**2 lOX 30

IS CONTINUE BOX 31
tF(W)30920940 BOX 32

20 IF(-VP.LT.O.)GOTO 200 BOX 33
IFf-VP-A) 100, 100,200 BOX 34

30 CP=VP/W BOX 35
LO=2*11-1 BOX 36
IF(CP.LE*0.)GOTO 200 BOX 37
CMa(VP+A3/W BOX 38
11.10.1 BOX 39
GOTO 60 BOX '40

40 CPa(VP*A)/W BOX 41
L032*I I BOX 42
IF(CPoLE*O*)GOTO 200 BOX 43

CM*VP/W BOX 44

11=10-1 BOX 45
60 IF(ROUT.LE.CP)GOTO 80 BOX 46

ROUT=CP BOX 47
IRO=LO BOX 48

80 IF(RIN.GEeCM)GOTO 100 BOX 49

RIN=CM Box 50o
LRI=Lf BOX 51

100 IH1=1H2 BOX 52
1H2=1H3 BOX 53

105 CONTINUE BOX 54
IF(ABS(RlN-ROUT3.LE.ROUT*1.'jE-6)GOT0 200 BOX 55
IF(RINeLT.ROUT)RETURN BOX 56

200 RIN=PINF BOX 57
ROOT=-PINF BOX 58
RETURN BOX 59
END BOX 6O

C BOX 61
C BOX 62

SUBROUTINE ELL ***32

DIMENSION FOCIAf3),FOCJBf3),MASTER(30000.) ELL 2A
COMMON ASTER(30000) ELL 3
COMMON/PAREM/XB( 33 WB(3) ,KR ELL 4
COMMON/GEOM/LBASERiNROUTtLRILROIPINFIERRDIST ELL 5
COMMON/UNCGEM/NRPPNTRIPNSCALNBOOYNRMAXITRIPLSCAILREGDt ELI 6
1 LOATAtLRINLROTII0,LOCOA,115t130,LBODYNASC,KLOOP ELI 7
EQUIVALENCE (ASTERMASTER). ELI 8

C ELI 9
CALL UN2(LOCOAIVIq1V2) ELL 10

*IRR=MASTER(LOCDA+1) ELL 11
FOCIA(13=ASTERfIV1) ELI 12
FOCIA12)=ASTER( !V1+1) ELI 13
FOCIA(3)=ASTER(IVI+2) ELL 14
FOCIB(1)=ASTER(1V2) ELL 15
FOCIB(23=ASTER(1V2+1) ELL 16
FOCIB(3)=ASTER(IV2+2) ELI 17

*C=ASTER(IRR) ELI 18
RIN=PINF ELI 19
ROUT=-PINF ELL' 20
O1X-XB(13-FCCIA(l) ELI 21
DIY=XB(2)-FOCIA(2) ELL 2
DIl=XB(3)-FOCIA(3) ELL 23
02X=XB(1)-FOCIB( 13 ELI 24

*02Y=XBI2)-FOCIB(2) l34 ELI 25
D2Z=XB(3)-FOCIB(3) ELI 26



A122.*(O1x*w8( 1).O1Y*WB(2)401Z*WR(-3)) ELL 27
A~Z2.*(D2x*wM(l)+D2Y*WB(?)+D2Z*WB(3)) ELI 28
sB=z I X*Ix f IY*(IY +01 Z*o I ELI 29
82zO2X*02X+02Y*l2Y+f)2Z*02Z ELL 30
AA=(A2-AlJ/(2.'C) /ELL 31
B8zfC*C*.B2-81)/( 2.*CJ ELL 32
ALAMD=AA*AA- 1. ELL 33
ALAMI=(AA*BB-.5*A2 )/ALAMD' ELI 34
U=(Bfi*BI-B2)/ALAMD ELL 35
OISCRM=ALAM 1*ALAMI-U IELL 36
IF (LISCRM*LE*0*)RETURN ELL 37
SQ~TDIJ=SQRTlDISCRP) ELI 38
KLN=-ALAMI-SQRT01 ELI 39
ROUT=-ALAM1+SCJRTDJ ELL 40

RTURN ELL 41
END) ELI 42

C ELI 43
C /ELL 44

SUBkOUTINE RA ** 33
DIMENSION Hl3,H()H()V(31 ,ASQC3),PV(4),G(3) RAW 2
COMMON ASTER(300O40) RAW 3
C0MMON/PAREMXBR3)vW8(3), IR RAW 4
COMMON/GEOM/LBA EHINROUTLRILROPJNFJERROIST RAW 5
CUMMOtSUNCGEM/t4RPPNTRIPNSCAL,NBODYNRMAXLTRIPLSCALLREGD, RAW 6
1LUATA*LRI~v 'ROTLl0,LOCDA,115al30,LBODYNASCKLOOP RAW 7

CRAW 8
CALL 1JN2(IOC A,IV,IH1) RAW 9
LOC=LOCDA+ 1 RAW 10
CALL UN2(L0 t1H291H3) RAW 11
HI(1)=ASTE (LI-E) RAW 12
HL(2)=AST R(IHI+1J RAW 13
H1(3)=AS, ERtIHI+2) RAW 1
H2( 1)=ASTER( 112) RAW 15
H212)=ASTER( 112*1) RAW 16

1113=ASTER(I112+2) RAW 17
H3(t)-.ASTERtIH3) RAW 18

4H3(21=ASTER(lH3tlJ) RAW 19
H3(3)=ASTER( 1H3+2) RAW 20
V(1)=ASTER( IV) RAW 21
V(2)=ASIER( IV+ll RAW 22
V(3)=ASTER( IV+2) RAW 23
RIN=-PINF RAW 24
ROUIzPINF RAW 25
CM--PINF RAW 26.

,'CP=PINF RAW 27

L=0 RAW 28

K=O RAW 30
LiRI-O RAW 31
LRO=O RAW 32
ASQ(1)=H1(lJ*Hl( 1)+H112)*HI(2)+HL(3)*H1(3) RAW 33
-ASQ(2)=H211)*H2( I),H2(2)*112(2).H2(3)*H2(3) RAW 34
ASQ(3J=H3(1J*H3(1).H3(2)*H3(2)+H3(33*H3(3) RAW 35
XBIVI=XB( l)-V( 1) RAW 36
X62V2=XB(2)-V:2) RAW 37
XB3V3=XBt3)-V(3) RAW 38
PV(1)=XB1V1*HI(l)+X82V2*H1(2)+XB3V3*H1(3) RAW 39
PV(2)=XBlVI*H2(1)4XB2V2*H2(.2)+XB3V3*H2(3) RAW 40
PV(3JsKBIV1*13(1 )+XB2V2*H3(2)+XB3V3*H3(3) RAW 41
G(1)=WB(1)*H1(1)+WB(2)*H1(2)+WB(3)*H1(3) RAW 42
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(.(2[=WB( 1)*H2( 1) +Wt(2)*H2(2)+WB(3)*H2(3I RAW 43
G(3=WB( 1)*143(1).WB(2)*H3(2)+WB(.3)*H3(3) RAW 44

CRAW 45
DO 140 1=192 RAW 46
IFIGM)) 0.110960 RAW 47

CRAW 48
10 IF(-PVUI))20,400,400 RAW 49
20 rTP2-PV1I/G~j) RAW 50

IF( IEMP-CP)30, 130,130 RAW 51
30 CP=IEMP RAW 52

L1I RAW 53
GOT(495091RAW 54

40LO=34,5b RAW 5
GOTO130RAW 56

5LRO=l RAW 5
COTO 130 RW 5

LRAW 59
60 (F(-PVU[).LE.0.)GOTO 130 RAW 60

TEMP2-PV( I)IG( n RAW 61
IF(TEMP*LE.CM)GOTO 130 RAW 62
CM Ibm RAW 63
K= RAW 64
G010(90, 100), I RAW 65

90 LRI=3 RAW 66
GOTO 130 RAW 67

100 LRIIl RAW 68
t.0T0 130 RAW 69

C RAW 70
110 IF(PV(I).LE.0.)GOTO 810 RAW 71

IF(PV(I).GE.ASQ(IflGOTO 810 RAW 72
130 Ll=LI+l RAW 73
140 CONTINUE RAW 74

C RAW 75
IF(G(3) )150.210,230 RAW 76

150 TEtP=ASQ(3)-PV(3) RAW 77
IF(TEMP.GE*0.)GOTO 180 RAW 78
TEMP=TEMP/G (3) RAW 79
IF(TEMP.LE*CM)GOTO 190 RAW 80
CM=TEMP RAW 81
K=3 RAW 82
LRI-6 RAW 83

180 IF(-PV(3))190,4009400 RAW 84
190 TEMP=-PV(3)/G(3) RAW 85

IF(TEMP.GE.CP)GOTO 290 RAW 86
CP=TEMP RAW 87
L=23 RAW 88
LRO=5 RAW 89
GOTO 290 RAW 90

C. RAW 91
210 IF(PV(3).LE*0.)GOTO 400 RAW 92

IF(PV(3)-ASQ(3))2909290#400 RAW 93
CRAW 94

230 IF(-PV(3).LE.0.)GOTO 260 RAW 95
TEMP--PV(3)/G(3) RAW 96
IF(TEMP.LE.CM)GOTO 260 RAW 97
C4= TEMP RAW 98
K-3 RAW 99
LRI=5 RAW 100

260 TEMP=ASCJ(3)-PV13) RAW 101
IF(TEMP.LE.0.)GOTO 400 136 RAW 102



TEMP=TEMP/G1 3 RAW 103
IF(TEMP.GEeCP)GOTO 290 RAW 104
CP=TEMP RAW 105
Lx3 RAW 106
LROz6 RAW 107

290 AG=ASQ(2)*G(1J+ASQ(I)*G(2) RAW 108
PV(4)=PV(1)*ASQ( 2)4PVf2)*ASQjII) RAW 109
IOP=ASQ( 1)*AS(t2)-PV(4) RAW 110
IF(AG)310935O,330 RAW III

310 YEMPITOP/AG RAW 112
IF(IEMP.LE.CM)GOTO 380 RAW 1-13
CM=TEP'P RAW 114
K=4 RAW 115
LRI=2 RAW 116
GOTO'380 RAW 117

C RAW 118
330 IF(TOP.LT.O.)GOTO 400 RAW 119

TEMP=TOP lAG RAW 120
IF(TEMP-tP)370,360,380 RAW 121

C RAW 122
350 IF(PV(4)*LE.0.)i;OTO 400 RAW 123

IF(-TOP) 380,400,400 RAW 124
370 CIP=TEMP RAW 125

L=4 RAW 126
I K0 2 -RAW 127

380 IF(L+K.LE.0)GOTO 400 RAW 128
ROUT=CP RAW 129
RIN=CM RAW 130

C RAW 131
400 IF(KOUT.GE.PINF)G0TO 810 RAW 132

IF(ROUI.LE.0.)GOTO 810 RAW 133
IF(KIN.GE.ROUT)GOTO 810 RAW "134
IF(ABS(RIN-ROUT).GT.ROUI*1.OE-5)GOTO 820 RAW 135

L RAW 136
810 ROUT=-PINF RAW 137

RI NP INF RAW 138
LRO-O RAW 139
IRIxO RAW 140

820 RETURN RAW 141
END RAW 142

C RAW 143
*C RAW 144

SUBROUTINE RCC ***34

DIMENSION V(3bvH(3),MASTEK(30000) RCC 2
COMMON ASTER(30000) RCC 3
COMMONIPAREM/XB(3)tWB(3) ,IR RCC 4
COMMONIGEOM/LBASERiNROUTLRILROPINF,lERROIST RCC 5
COMMON/UNCGEM/NRPPNTR[PNSCALNBOOYNRMAXILTRIP,LSCAL,LREGD, RCC 6
1 LDATALRINLROTLIO,LOCDA,115,130,L800YNASCtKLOOP RCC 7
EQUIVALENCE (ASTER,MASTER) RCC a

C RCC 9
CALL UN21LOCDAtIV91H) RCC 10
JRR=MASTER(ILOCDA+1) RCC 11
H( 1)=ASTERI IH) RCC 12
H(2)sASTER( 11+1) RCC 13
H(3IxASTER( 1112) RCC 14
V(1)xASTERlIV) RCC 15
Vt2)=ASTER( 1V41) RCC 16
V(3)uASTERE IV+2) RCC 17
R-ASTER(IRR) 137 RCC 18



RIN=-PINF Rcc 19
ROUiT=P INF RCC 20
KSQ=R$R RCC 21
uLRO= RCC 22
LRI=0 RCC 23

I OP0 *RCC 24
P0 1~0. RCC 25
iiH(HI)*Hi(l3+H(2)*Ht2),H(3)*H(3) RCC 26
VPH=H(l)*(V(1'J-XB(1) 3+H(2)*(V(2)-XB(2)3+H(3)*(V(3)-XB(3)) RCC 27
WH=-WB(1)*HII)+WB(2)*H(2),wB13)*Ht3) RCC 28
VEN=HH-WH*WH RCC 29
1)0 10 1=1,3 RCC 30
TOP=roP*WB( I)*(Xb( 1)-vt 13) RCC 31
POT=POT+cXB( 1)-V I ))**2 RCC 32

10 CONTINUE RCC 33
AMBD=-HH*T0P-WH* VPII RCC 34
um=(CPOT-RSQ 3*HH-VPti**2 RCC 35
IF (li)4u,70,50 RCC 36

40 CP=VPH/WH RCC 37

CM=(VPH+HH)/WH RCC 38
LCP=l RCC 39I
LCM=2 RCC 40
GOTO 60 RCC 41

50 CP=(VPH+HH)/WH RCC 42
CM=VPH/Wil RCC 43
LCM1l RCC 44
LCP=2 RCC 45

60 IF(CP)300,80,80 RC.C 46
70 CP=PINF RCC 47

Ctl=-CP RCC 48
IF(VPH.GT.0.)GOTC 300 RCC. 49
IF(HH+VPH)300990#90 RCC 50

80 IF(ABS(0EN).GE.1.OE-6)GOTO 90 RCC 51
Rl=-PINF -RCC 52
R2=PINF RCC 53
GObO 100 RCC 54

90 RI=0. RCC 55
R2=0. RCC 56
AMSDA=AMBO/DEN RCC 57
UMU=UM/OEN .RCC 58
DI SC=AM8OA**2-UMU RCC 59
IF(DISC.LEo0.)G0TO 300 RCC 60
SD=SQRTtD1SC) RCC 61
R1=AMBDA-S0 RCC 62
R2=AMBDA+SD RCC 63

100 IF(CM.GT.R1)GOTO 110 RCC 64
RIN=Rl RCC 65
LRI=3 RCC 66
GOTO 120 RCC 67

110 RIN=CM RCC 68
LRI=LCM RCC 69

120 lFtCP.LE.R2)GOTO 130 RCC 70
RO UT= R2 RCC 71
LRO=3 RCC 72
GOTO 200 RCC 73

130 ROUT=CP RCC 74
LRO=LCP RCC 75

200 IF(ABS(ROUT-RIN).LE.ROUT*1.OE-5)GOTO 300 RCC 76
GOTO(210,210,220)#LRO RCC 77

210 FI=DEN*ROUT**2-2.*AM8O*ROUT+UM CC 7



IF(Fl)250,250,300 RCC 79
220 FlxHOUT*WH.-VPH RCC 80

IF(FI)300,250,230 RCC 81
COTO 230 RCC 82

230 IF(FI.Gt.HH) GOTC 300 RCC 83
250 GQTO(260,260,270)vLRI RCC. 84
260 F1=DEN*RIN**2-2.*APBD*RINUM RCC 85

IF(FI )310,310*300 RCC 86
270 FL=RIN*W:I-VPH RCC 87

IF(FL)300310,280 RCC -138
COTO 280 RCC 89

280 IF(FI.LF.H-H)GOrO 310 RCC 90
300 RIN=PINF RCC 91

ROUT=-PINF RCC 92
LRO=0 RCC 93

30LRI=O RCC 94
30RETURN RCC 95

E140 RCC 96
C RCC 97
C RCC 98

SUBROUTINE REC ***35

DIMENSION V( 3),H( 3),A( 3)#8t(3) REC 2
COMMON ASTER (30000) REC 3
COMMON/PAREP/XB( 3) ,WB(3)iIR REC 4
COMMON/GEOM/L,3ASERINROUTLRI.LRO,PINF,IERR,DlST REC 5
COMMDN/UNCGEI'/NRPPNTRIPNSCALtNBODYNRMAXLfRIPLSCALLREGDq REC 6
ILDATA,LRIN,LROT,LIO,LOCDA,115,130,LBODYNASCtKLOOP REC 7

c REC 8
CALL UN2(LOCDA#IV* I) REC 9
LOC=LOCDA+l REC 10
CALL UN2(LOCIA9IB) REC, 11
V( 1hASTER( IV) REC' 12
V(2)=ASTER( IV+1) REC 13
V(3)=ASTER( IV+2) REC 14
H(1)=ASTER(IH) REC 15

[H(2)=ASTER(IH41) REC 16
H(3)=ASTER( 11-+2) REC 17
A( 1)=ASTER( IA) REC 18
A(2)=ASTER( IkI) REC 19
A(3)=ASTER( IA.2) REC 20
8(1)=ASTER(IO) REC 21
B(2)-ASTER( 18+1) REC 22
8(3)=ASTER(18+2) REC. 23
RIN=-PINF REC 24
ROUT=PINF REC 25
LR0,10 REC 26
LRI=O REC 27
AA=A(1)*A(I)+A(2)*A(2)+A(3)*A( 3) REC, 28
BB=B(1)*B( 1)+B(2 )*1(2)+B(3)*B(3I REC, 29
VIXB1=V( 1)-XB(1) REC 30
V2XB2=V(2)-XB(2) REC 31
V3XB3-V(3)-XB(3) REC 32
VPA=VIXBI*A( 1)+V2XB2*A(2 )+V3XB3*A(3) REC 33
VPB=VIXBI*B(1)+V2XB2*B(2)+V3XB3*Bi3) REC 34
WBA=WB( 1)*A(I ).WB(2)*A(Z)+WB(3)*A(3) REC 35
WB8=WB( I)*B( 1)+WB(2)*B(2)+W8(3)*B(3) REC 36
WBAWBA=WBA*WBA REC 37
WBBWB-WBB*WBB REC 38
AAAA=AA*AA REC 39
BBBBuBB*BB 139 REC 40



AMZ43IWWBA*VPA*BBBB+WIL*VP13*AAAA fiEC 41j
UM=iFBBVPA*VPAAAAA*VPB*VPB-.AAAA*BBB8 REC 42
0EN=WAAWbA*B6tAWFBWBB*AAAA REC 43
IF(AIS(DEN).LE*1.OE-6)OTO 10 RISC 44
AMB8UA=AMSD/OEN REC 45
lUMU:UM/DEN REC 46
Dl SC=AMuOA**2-uMU REC 47
IFIOISC.LF.0. )GOTO 300 REC 48

SD=S(.IRT (01 StL REC 50
RL=AMBDA-SD RC 5
k2=AMrSDA.SD REC 51
GO~T. 20 REC 52

10 R1=-PINF REC 53I
R2=PINF REC 54

20H 1f~ )*Hl )+H(2)*Hi(2)+H(3)*H(3) REC 55
WH=WB(1)*H(1)+WB(2)* I(2)+WB(3)*H(3) REC 56
VPH=V1XtI1*H(1)+V2XB2*H-(2)+V3X83*H(3) REC 57

IF (WH)46,70950 REC 58
40 [HI.GE.0.)GOTO 300 REC 59

CM= (VPH+HH I/WH REC 61
LCP=l REC 62
LtM2 REC 63
GOTO 100 REC 64

5i0 VPtHHf=VPH+HH REC 65
IF(VPHHH.LE.0.)GOTO 300 REC 66
C P=VP HHH /WH REC 67
CM=VPH/Wff REC 68
LCM=1 REC 69
LCP=2 REC 70
6010 I00 REC 71

70 CP=PINF REC 72
CM=-CP REC 73

100 IF(CM.GI.RI)GOTO 11U REC~ 74
RIN=Rl REC 75
Lt(I=3 REC 76
GOTO 120 REC 77

110 RIN.-CM REC 78
LRl=LCl4 REC 79

120 IF(CP.LL.R2)GOTO 130 REC 80
ROUT=R2 REC 81
LRO=3 REC 82
GOTO 200 REC 83

130 ROUT=CP REC 84
LftO=LCP REC 85

200 IF(ABS(ROUT-RIN).LE.ROUT*1.OE-5)GOTO 300 REC 86
GOrO(210,210,220)*LRO REC 87

210 FI-DEN*ROUr**2-2.*AMBD*ROUT+UM REC 88
lF(F1)250t25O,3O0 REC 89

220 Fl=R0UT*WH-VPH RLC 90
IFIFI 1300,250,230 REC 91
GOTO 230 REC 92

230 IF(F1.GT.HH)GOTO 300 REC 93
250 GOr0(260*260,270),LRI REC 94
260 FI-DEN*RIN**2-2.*AMBO*RIN+IUM REC 95

IF(FI 1310,310,300 REC 96
270 FI=RIN*WH-VPH REC 97

IF(F 1)300#310,280 REC 98
GOTO 280 REC 99

280 IFIFI.LE.HH)GOTO 310 REC 100

140



300 RIN=PINF
ROUI=-P INF

LRO=Q REL I Uf
310 RErURN RVc IG5

END REC IG6
C aEC tal
C REC lOb

SUBROUTINE RPP(NBO) 0040 36
DIMENSION MASTER (30000) ,PRC6btLR(6),XS(6) ,LST(61 RPP 2
COMMON ASTER(30000) RPP 3
COMMON/PAREM/XB( 3) ,WB(3)#,IR RPP 4
COMMON/GEOM/LBAStRIN,ROUTLRILROPINP, IERR,DIST RPP 5
COMMON/UNCGEM/NRPP ,NTR IP INSCAL ,NBODY ,NRMAX,LTRIP,LSCAL , REGO, RPP 6
1 LUATA,LRIN,LROT,LI0,LOCDA,115,130,LBOOY,NASC,KLOOP aPP 7

EQUIVALENCE (MASTER,ASTER) RPP 8
C RPP 9

901 FORMAT(1H0,12HERROR IN RPP/4H L s,Il0,5X,4HNB0-,J10,5X,3HIRz, aPP 10
1 110/411 XB=,3E20.10/4H WB=,3E20.10/4H PR=,6E20.10/4H LRt61l0l RPP it

c RPP 12
LST( 13=1 RPP -13
LST(2)=1 RPP 14
LST(3)=2 aPP 15
LST(43=2 RPP 16
LST(5)=3 app 17
LST16)=3 RPP 18
L=0 RPP 19
PR(1)=0. RPP 20
PR(230O. RPP 21
D0 10 1=1*6 aPP 22

XS( I)=S(NBO, 13 RPP 23
1.0 CONTINUE RPP' 24

r RPP 25
D0 100 1=1#6 RPP 26
11=15711) RPP 27
TEMP=XS( I- I) RPP 28
IF(WB(II)) 20,100,30 RPP 29

20 IF(TEMP)40,100,100 aPP 30
30 IFIrEMP*LE.0.)GOTO 100 RPP 31
4TRY=TEMP/WB(11) RPP 32F 000 60 J=1,3 RPP. 33
IF(J.EQ.1I3GOTO 60 RP? 34
XRY=XB(J)+TRY*WB (J) RPP 35
IF(UXS(2*J-1)-XRY)*(XRY-XS(2*JU).LT.0.)GOTO 100 RPP 36

60 CONTINUE app 37
L=L+l RPP 38
PR(L)=TRY RPP 39
LR(L)uI RPP 40
IF(L.EQ.2)GOTO 130 RPP 41
IF(L.LT.2)GOTO 100 RPP ~42
WRITE (6t901)LNBOtIR,XBtWBPPR,LR app 43
ROUT--PINF app 44
RETURN RPP 45

100 CONTINUE RPP 46
GOTO 160 RPP 47

a pp 48
C130 IF(ABS(PR(l)-PR(2)).LE.PR(1)*..OE-6)GOTO 200 RPP 49

IF(PRI I)-PR(2) 3140,180,150 app 50
140 RIN=PR~l) app 51

LRI=LR(I1) 141 app 52



RU1F=PR( 2) RPP 53
LRO=LRf 2) RPP 54
RE TURN RPP 55

150 RIN=PR(2) RPP 56
LKit R (2 RPP 57
ROUI=PR( I) RPP 58
LRO=LR (1) RPP 59
KLIURM RPP 60

CRPP 61
*160 IF(1.GE.1)GQO0 180 RPP 62

170 tROUI=-PINF RPP 63
RET URN RPP 64

180 RIN=-Plt4F RPP 65
LR I O RPP 66
ROUT=PR( 1) RPP 67
LRO=LR (1) RPP 68
PHEURN RPP 69

C 20 O20J13RPP 70
200 0 20 J1,3RPP 71

IV-(XB(J3 .LT.XS(2*J-1 ))GOTO 17O RPP 72
!F(XBij).GT.XS12*J ))GOTO 170 RPP 73

*220 CUNTINUE RPP 74
GorO 180 RPP 75
tND RPP 76

C RPP 77
C RPP 78

SUBROUTINE RPP2(LSURF,XP,IRP) *** 37
C FINDS A8UTING RPP RPP2 2

DIMENSION XP(3) RPP2 3
COMMON ASTER(30000) RPP2 4
COMMON/PAREP/X13(3) ,WB(3) ,IR RPP2 5
COMMON/&,EOI/LASERINtROUTLRItLRO,PINF,IERR,DIST RPP2 6
COMMON/(JNCGEM/NRPPNTRIPNSCAL ,NBOOYNR14AXtLTRIP,LSCALLREGD, RPP2 7
1 LD)ATA,LRIN,LRUT,LIO,LOCDA,115,130,LBODYNASCKLOOP RPP2 8

C RP02 9
L0C=LBASE+12*(NASC-1)-2*(LSURF+1) RPP2 10
CALL UN2(LOCLOCAT,NC) RPP2 11
IF(NC-l) 10,20,30 RPP2 12

10 IRP=0 RPP2 13
RETURN RPP2 14

20 CALL UN2(LOCAT,IRP,DUM) RPP2 15
RETURN RPP2 16

230 M=l RPP2 17
C RPP2 18

00 90 1=1,NC RPP2 19
X- M RPP2 20
IF(M.GT.0)GOTO 50 RPP2 21
CALL UN2(LOCAT,1h1l2) RPP2 22
LOCAT=LOCAT+ I RPPZ 23
1RP=Il RPP2 24
GOTO 70 RPP2 25

50 IRP=12 RPP2 26
70 LS3(1-LSURF)/2 RPP2 27

D0 80 J-1,3 RPP2 28
IFCJ.EQ.LS)GOTO 80 RPP2 29
IFU(S(IRPt2*J-1)-XP(J))*(XP(J)-S(IRP,2*J)).LT.0.)GOTO 90 RPP2 30

80 CONTINUE RPP2 31
RETURN RPP2 32

90 CONTINUE 142 RPP2 33
IRP=0 RPP2 34



RETURN RPP2 35
END RPP2 36

C RPP2 3Z
C RPPZ 38

SUB1RUTINE SPH *** 38
COMMON ASTER(30000) SPH 2
COMMON/PAREF/X8( 3),W6( 3), IR SPH 3
COMMOI/(;EOM/LRASE,RINROUTILR1,LROtPINF,IERRDIST SPH 4

c0M0N/NCG1~NRIPNR1PN-AL,NBODY,NRMAX,LTRIP,LSCAL ,LREGODPI

ILOArA.LRINLROT ,LIO,LOCDA,115, 130,LBODYNASC,KLOOP SPH 6
C SPH 7

CALL UN2(LOCDAITEFP,I2) SPH 8
R=ASrER( 1?) SPH 9
I TEPP=ITFMP+l SPM 10
OX=XB(I1)-ASTER( IlEl'P-1 3 SPH 11
UY=XB(2)-ASrER(JlEPP) SPM 12
DZ=Xfl(3)-ASTER(1 TEMP+1) SPH 13
b=DX*Wa( 1)+LUY*WF342)*DZ*WB(3) SPH 14
C=DX*VX +LY*DYiL*OZ-4*R 5PM 15
DI S=B*B-C SPH 16
IF(C.GT.O.)G0T0 10 SPH 17
R I N=-P I NF SPH 18
ROUF=SQRT(D01S)-B SPlH 19
REIURN 5PH 20

10 LF(UIS.GI.O.)GOTO 20 SPH 21
RI N= P1 N SPH 2
ROUT=-P INF SPH 23
RETURN SPH 24

20 DIS=SORT([IS) SPH 25
RIN=-B-DIS SPM 26
ROUT=-B+DI S 5PH 27
RETURN SPH 28
END 5PM 29

C SPII 30
C 5PM 31

SUBROUTINE TEC *** 39
DIMENSION MASTER(30000),DELTA(3)bHF(3),AUN(3I TEC 2
COMMON ASTER(30000) TEC 3
CUMMON/PAREM/XB( 3) ,WB( 3), IR TEC 4
COMMON/GEOM/LBASE,RIN,ROUT,LRI,LRO,PINF, IERRO!ST TEC 5
C0MMON/UNCGEIP/NRPPNTRIPNSCALN8ODYtNRMAXL TRIPLSCALLREGD, TEC 6
ILDA4TA,LRIN,LROT,LIO,LOCDA,115, 130,LBODYNASCfKLOOP TEC 7

VEQUIVALENCE (MASTERASTER)PdGAMMA*SIGMA) TEC 8
RtEAL NF(3),K(3)tM,P2,MM,MM2 TEC 9

C TEC 10
CALL UN21LOCOA,L'VIH) TEC 11
LOC=LOCDA+1 TEC 12
CALL UN2(LOC,IN, IA) TC 1
LOC=LOC+ 1 TEC 14
CALL UN2(LOC,IRI,1R2) TEC 1s
IRC=MASTER(L0C+1) TEC 16
RI=ASTER( IRI) TEC 17
R2=ASTER( 1R2) TEC 18
R3zR1/ASTER( IRC) TEC 19
R4=R2/ASTER( IRC) TEC 20
DDN=0. TEC 21
WDA=O. TEC 22
DDA=O. TEC 23
HDAzO. 13TEC 24
HDN-0. TEC 25



WON=0. TEC 26
DU 100 1=1,3 TEC 27
11=1-1 TEC 28
Jllv+I 1 TEC 29
J2=IH+fi TEC 30
j 3=1 N+ I I TEC 31
J4=IA+I j TEC 32
I)ELTA( I)=ASTEk(Jl)-XB(1) TEC 33
HF( I)=ASTER(j2) TEC 34
NF( I)=ASTER(j3) TEC 35
AUN( I =ASTER(J4) TEC 36
UDN'=DELTA( I)*NF( I)+DDN TEC 37
WUA=wB( j *AUN( I)+WUA TEC 38
DDA=OELTA( I)*ALN( I )4DDA TEC 39
HOA=HF( I)*AUN( 1) +H-DA TEC 40
;D)N=HF( I )*NF( I )+HONt TEC 41
WDN=WBCI )*NF( I +W0IN TEC 42

100 CUNIINUt TEC 43
CALL CROSSIK,AUN,NFI TEC 44
WDK=DOT(WHtK) TEC 45
Oi)K=UOT I IELTA,K) TEC 46
HDK=DOT(HIK) TEC 47
I1(ABS(WDN).GT.I.OE-?)GOTO 300 TEC 48
GAMMA =- DIN/HDN tTEC 49
IF(GAMMA.LT*0.)GOTO 900 TEC 50
RTP=GAMMA-1. TEC 51
IF(RTP.GT.0.)GOT0 900 TEC 52
M=GAMMA*R3+Rl* (1.-GAMMA) TEC 53
MM=GAMMA*R4+R2*( 1.-GAMMA) TEC 54
M2= M* M FEC 55
MM2=MM4*MM TEC 56
T=SIGMA*HDA+DDA TEC' 57
T T=SIGMA*HDK+DDK TEC 58
A=MM2*WDA**2+M2*WDK**2 FEC 59
f3=-(M4M2*WDA*T+M2*WOK*TT) TEC 60
C=MM2*T**2+M2*rr**2-M2*PM2 TEC 61
DISC=B*B-A*C TEC 62
IF(IISC*LT.0.)GOTO 900 TEC 63
IF(DISC.GT.0. )DISC=SQRT( DISC) FEC 64
RIN=(-8-DJSjC)/A FEC 65
ROUT=(-B+DISC)/A TEC 66
LRI=3 FEC 67
LR0-3 TEC 68
GOTO 950 TEC 69

C TEC 70
300 FLIPO=1. rEC 71

IF(WDN*LT.O.)GOTO 310 TEC 72
FL IPD=-1. TEC 73
W0A=-WDA FEC 74
WDN=-WDN FEC 75
WDK=-WDK TEC 76

310 ALPHA=HDN/WON TEC 77
BETA-D0N/WDN TEC 78
TAUSI R3/R4) **2 FEC 79
A=(ALPHA*WOA-HDA I**2+TAU*(ALPHA*W0K-HDK)**Z-TAU*(R4-R2)**2 TEC 80
B= -(-ALPHA*BETA*WDA**24ALPHA*WDA*ODA.BETA*WDA*HDA-ODA*HDA TEC 81
1 +TAU*I-ALPHA*BETA*WDK**2+ALPHASWOK*DOK+BETA*WDK*HDK-ODK*HDK TEC 82
2 +R2*R4-R2*R2)) FEC 83
C=COOA-RETA*WOA)**2+TAU*( (0DK-BETA*WOKI**2-R2**2) FEC 84
DISC=8*B-A*C FEC 85

144



IFIDISC.Lr.O.)GOrO 900 
TC 8IF(oLSC.GT.O. DjOSC=SQRT(D1SC) 
TEC 87IFASAEIO-)OO330 
TC 8IF(A)320,330,34 0  TEC 89320 SIGMA1=(-B-DjSC)/A 
TEC 89S1G;MA2=(-.B+oisc3 IA TEC 91GOTO 350 
TEC 92330 SIGMA1=-C/(2.*B, 
TEC 92SIGMA2=-PINF 
TEC 93IF( SIGMAI)900,35o, 350 TEC 95340 SiGMA1=(-B+nxSCjIA 
TEC 96S1GMA2=(-S-o1SC)/A 
rc 9350 SIGMAP=-Rl/(R3-RI) TC 9LF{SIGMA2.Gr.1.)GObO 900 TEC 96IE(SIGI4AI-LT.0.)G01!0 900 TEC 99IF(SIGMAI.GT.i.JCGOTO 410 TEC 100IF(SIGMA2.GT.0.)GOT0 400 TEC 102R1NmALPHA*S1GMI4A+fETA 
TEC 103LRIh3 
TEC 104ROUT=BE TA 
TEC 104LRO=l 
TEC 105GOTO 490 
TEC 107400 RIN=ALPHA*SIGMAI+BETA 
rEc 108LR 1 3 
TEC 109ROUT=ALPHA*S 1GIA2+BETA TEC 109L'R0=3 
TEC 110GOTO 490 
TEC I12410 IF(SIGMA2.Gr.o.)GoTo 440 TEC 113IF(SIGMAI.GT.Slo~hAP)GOTO 900 TEC 114RIN=ALPHA+BETA 
TEC 114LRI=2 
TEC 116ROUTzBETA 
TEC 116LRO=I 
TEC- 1

GOTO 490 E 18
460 119440 LF(SIGMAI.GT.SIGIJAP)GOTO 46011

RIN=ALPHA+BETA 
TEC 121Li(=2 
EC 122ROUT=ALPHA*SIGMA2.BE TA TEC 123LR 0=3 

TEC 124
GOTO 490

460 RINSALPHA*SIGMA2+8ETA 
TEC 126LR1=3 
TEC 127ROUTmBETA 
TEC 128IROz1 
TEC 129

C E 12490 IF(FLIPO.GE.0.)GOTO 950 TEC 131RfP-RIN 
TEC 132ITP=LRI 
TEC 133RI N=-ROUT 
TEC 134LR1-LR0 
TEC 135ROUTZ-RTP 
TEC 136LROzITP 
TEC 136GOTO 950 
TEC 138900 RIN=PINF 
TEC 138ROUT=-PINF 
TEC 130950 lF(ROUT.GT.O.)GOTO 1000 lEG 141R1N=P1NF 
TEC 142ROUTU-PlINF 
TEC 143

RETURN E 141000 IF(ABS(R0LJT-RIN).LE.RIN*10OE
6 )GOTO 900 TEC 145

145



1W TURN TEC 146
LNL) TEC 147

CTEC 148
C TEC 149

SUBK1OUTINE T0R **** 40
DIM04S1ON MASTER(30000hXMCV(3),C(4),RT(4),RTS(4)IXAW(3) ,XTRY(3) TOR 2
COMMON ASTER(30000) TOR 3
COMMON/PAREP/XB(3) ,WR13) ,IR TOR 4
COMNMON/GEffl/LASERiNROU1LRILR0,PINFIERR,DIST TOR 5
CtJMMON/U)NCGEM/NRPPIJTRIPtNSCAL ,NBODYNRMAX,LTRIPLSCALLREGO, TOR 6
1L04rA,LRINLROTLIOLOCDA,115,130,LBODYNASC,KLOOP TOR 7
EQJUIVALE.NCE (MASTERASTER)i(DISTiSTHUS) TOR 85
REAL NF(3) TOR 9

*C TOR 10
CALL UN2 (LOCDA,9IV, IN) TOK 11
LOC=LOCDA+l TOR 12
CALL UN2(LOCIRlI2) TOR 13
Rl=ASTFRI IRI) TOR 14
t(2=ASTER C R2) TOR 15
WDN=O. TOR 16
XMC2=v. TOR 17
AW=SORT(00(JBjW1)) TOR 18
00 10 1=103 TOR 19
JL=IV+1-1 TOR 20
XAW( I)=ASTER(Jl)-XB( 1) TOR 21

10 CON rI NU& TOR 22
RSAVE=ABS(DOT( XAW,WB3)/AW)-Rl-R2-K2 TOR 23
IF (NASC*EQ.-2)RSAVE=0. TOR 24
DO 20 1=1,3 TOR 25
XTRY(I)=X2il)+RSAVE*WB(I) TOR 26

20 CONTINUE TOR 27
DO 100 1=1,3 TOR' 28
J1=IV+I-1 TOR 29
J2=IN+1-1 TOR 30
NF I)=ASTER(J2) TOR 31
XMCV( I)=XTRY(tI)-ASTER(J1) TOR 32
XMC2=XMCV( I)**2+XMC2 TOR 33
WDN=WB( I)*ASTER( J2 )+WDN T0R 34

100 CONTINUE TOR 35
WDXMC=DOT(WFIXMCV) TOR 36
XMCDN=OOTI XMCV*NF 3 TOR 37
R12=RI*RI TOR 38
R22=R2*R2 TOR 39
TERM=R12+R22-XMC 2 TOR 40
C(1)=4.*WDXPC TOR 41
TEMP=4.*WDXMC**2 TOR 42
CC 2)=4.*R12*WDN**2-2.*TERM+TEMP TOR 43
C(3)28.*R12*WDN*XMCDN-4.*WDXMC*TERM TOR 44
CC 4)=4.*R12*( XMCDN**2-R22 J4IERM**2 TOR 45
CALL QRrIC(CRT,NK) TOR 46
IF(NR-2)110,120, 140 TOR 47

C TOR NOT HIT TOR 48
110 RIN=O. TOR 49

ROUT=-PINF TOR 50
RETURN TOR 51

C 2 ROOTS TOR 52
120 IF(Rr(l).GE.RUC2))GOTO 130 TOR 53

RIN=RT CI) TOR 54
ROUT=RT(2) 146 T0R 55
GOTO 900 1OR 56



130 RIN=RT(2) TOR 57
ROUr=RT( 1) TOR 58
GOTO 900 TOR 59

C 4 ROOTS SELECT FIRST PAIR *GE. DIST AS RIN AND ROUT TOR 60
140 R fS (11-R T ( I TOR 61

IFHRT(2).LT.RTS(1lGOTO 150 TOR b2
RTS(2)=RT(2) TOR 63
GOTO 160 TOR 64

150 RTS(2)zRTS(l) TOR 65
RYS(1 3ZRT(2) TOR 66

160 IF(RT(3).LT*RTS(2))GOTO 170 TOR 67
RYS(3)-RT(3) TOR 68
GOTO 190 TOR 69

170 RTS(3)zRTS(2) TOR 70
IF(RT(3).LT.RTS(II)GOTO 180 TOR 71
RTS(2)=RT( 3) TOR 72
GOTO 190 TOR 73

*180 RTS(2)=.US(l) TOR 74
RISC 1 =RT( 3) TOP 75

190 IF(RT(4).LT.RTS(3))GOTO 200 TOR 76
RYS(41=RT(4) TOR 77
GOTO 300 TOR 78

200 RTS(4)=RTS(3) TOR 79
IF(RT(4).LT.RTS(2))GOTO 210 TOR 80I
Rrs(3)=RT(4) TOR 81
GOTO 300 TOR 82

210 RTS(3)=RTS(2) TOR 83
IF(R1C4).LT*RYS(1))GOTO 220 TOR 84
RTS(2)=tRT(4) TOR 85
GOrO 300 TOR 86

220 RFS(2)=RTS(l) TOR 87
RTS(1)=RT(4) TOR 88

C STHUS=OIST TOR 89
300 IF(AfS(STHUS-RTS(2)).LE.l.OE-7)GOTO 310 TOR 90

IF(STHUS.GE.RTS(2))GOTO 310 TOR 91
RIN=RTS(l TO 9
ROUT=RTS(2) TOR 93
GOTO 900 TOR 94 -

310 RIN=RTS(3) TO*R 95
R0UT=RTS (4) TOR~ 96

c TOR 97
900 LRI=l TOR 98

LROIl TOR 99
RIN=RIN+RSAVE TuR 100
ROUY=kOUT+RSAVE TOR 101
IF(ROUT.GE.0.0)GOTO 920 TOR 10?

910 RIN=PINF TOR 103
ROUT=-P INF TOR 104
RETURN TOR 105

-920 IF(ABS(ROUT-RIN).LE.RIN*1.OE-6)GOTO 910 TOR 106
RE TURN TOR 107
END TOR 108

C.TOR 109
C TOR 110

SUBROUTINE TRC ***41
DIMENSION MASER(30000tV(3)t~H(3) TRC 2
COMMON ASTER(30000) TRC 3
COMMON/PAREMIX8( 3) ,WB(31 , R TRC 4
C0MMN/GE0IM/LBASERINRUTLRILR0,PINFIERRDIST TRC 5
COMMON/UNCGEM/NRPPNTRIPNSCAL ,NBODYNRMAXLTRIPLSCALLREGD, TRC 6

- -- 147



IL0ArALRINLR0TL10,L0C0At115,13OLBODYNASCtKLOOP TRC 7
E)U IVALENCE (MASTER,ASTER) TRC 8

C TRC 9
CALL UN2(LOCDA,IV,IHI TRC 10
LOC=LOCA- TRC 11
CALL UN2(LOC,IRB,IRTOPI 1'RC 12
Vt 1)-ASTER( IV) TRC 13
V(2)=ASTER( IV+l) TRC 14
Vt 3)=ASTER( IV+2) TRC 15
H( fl=ASTER( (H) TRC 16
H(2)=ASTERI IH+l) TRC 17
H(31=ASTER( 11+2) TRC 18
RB=ASTERE(IRB) TRC 19
RT=ASTER(CIRTOP) TRC 20
RIN=-PIN4F TRC 21
ROUT=PINF TRC 22
LRO=O mTR 23
LRI=O TRC 24
I NTISEC=0 TRC 25
INTRI=O TRC 26
INTR2=0 TRC 27
VIXBLVttU-XB{ 1) TRC 28
V2XB2=V(2)-XB(2) TRC 29
V3XB3=V(3)-XB(3) TRC 30
PVPV=VlXB 1*VIXBI +V2K1B2*V2XB2+V3XB3*V3XB3 TRC 31j
VPW=VlXB1*WB( 1)+V2xB2*WB(2)+V3XB3*WBt3) TRC 32
WH =WBC 1l*Htl)+WBt2)*Ht2),W3(3)*Ht3) TRC 33
VPH-=VIXfiltH( 1[+V2XB2*H(2).V3X83*H(3) TRC 34
lHHt 11)*H-I 1+H(2 )*Ht2)+Ht3)*H(3) TRC 35
RrRB=RT-RB TRC 36
RBRTVP=RB-VPH*RTRB/*1 TRC 37
VPHHli=VPH+HH TRC 38
UM=HH* tPVPV-RBRTVP**2 )-VPH*VPH TRC 39
AMBD=HH*VPW-WH*t VPII-RTRB*RBRT VP) TR(C 40
DEN=HH-Wii**2*t 1.*RTRB**2/HH) TRC 41
IF(A9S(DEN).GT.1.OE-6)G0T0 40 TRC 42
IF(RTRB.EQ.OJ)GOTO 200 TRC 43
R2=UM/(C2.*APMBO) TRC 44
F1=R2*WH-VPH TRC 45
IF(F1.LT.0.)GOTO 200 TRC 46
IF(F1.GT.HH)GOTO 200 TRC 47
INTSEC=INTSEC+1 TRC 48
IF(WH.LE.0.)GOTO 10 TRC 49
IFCRIRB)20920,30 TRC 50

10 IF(RTRB)30,30,20 TRC 51
20 LRO=3 TRC 52

ROUI=R2 TRC 53
COTO 25U TRC 54

30 LRI=3 TRC 55
RIN=R2 TRC 56
INTSEC=ItTSEC+l TRC 57
COTO 210 THC 58

C TRC 59
40 AMBOA=AMBO/DEN TRC 60

UMU=UM/DEN TRC 61
DI SC=AMI3DA**2-UMU TRC 62
IF (DISC) 350,20,50 TRC 63
COTO 50 TRC 64

50 SD=SQRTCDISC) 148 TI4C 65
RI=AMBDA-S) TRC 66



R2=AMBDA.SD TlC 67
F 1zR2*WH-VPH TRC 61
IF(Fl.LT.O.)GOrO 60 TRC W;
IF(FILL.HH) INTR2"IlNTR2+1 TKC Mt

60 FlzR1*WH-VPH TRC 71
IFI.Lr.0.)GOTO 70 TRL 7,
IFIFI*LE.HiH)G0TO ao rRC 7--

70 IF(INTR2*LT.l)GOTO 200 TRC 74
RUrzR2 TRC 75
RIN=R2 TAC 76
LRO=3 T1RC 77
LRI=3 TRC ?8
INTSEC=INTSEC.1 TRC 7c
LJTO 200 TRC 8"

80 INTR1=INTRIl TRC 81
IF(INTR2.GE.1)GOTO 90 TRCC 82
R0Uf=Rl TRL al
RIN=Rl rRC 8/
Lt(O=3 TRcC 85
LRI=3 TRC 8 t
INTSEC=INTSEC~1 TIRC 81
G070 200 TRC 881

90 IF(Rl-R2)1.00,350oll0 TRC 89
100 RIN=f41 TRC 90

ROUr=R~2 TRC 91
LRO=3 TRC 92
LRI=3 R~C q-
GOTO 300 TRC 9'

110 RIN=R2 TRC 91,
ROUT=R I TRC 96
LRO=3 TRC 97
LRI=3 TRC 98
GOTO 300 TRC 99

cTRC 100
2200 IF(WH)210,350,250 TRC 101j210 IF(VPH*GE.*)GOTO 350 TRC 102

*CP*=WPVPV-Wtl TRC 103
FI=C*CP2.*P*VP+PVV-R*RBTRC 104

IF(FI.GT.0.)GOTO 220 TRC 105
INTSEC=INTSEC.1 IRC 106
ROUT=CP TkC 107
LR0=l TRC 108
IF(INTSEC.GE.2)GOTO 300 TRC 109

220 CM=VPHIIH/WH TRC 110
F1=CM*CM-2.*((VPW+WH)*CM-VPH)sHH+PVPV-RT*RT TRC 111
IF(FI.GT.0.)GOTO 350 TRC 112
RIN=CM TRC 113
LR 1=2 TRC 114
GObo 30u TRC 115

250 IF(VPH-HH.LT.0.)GOTO 350 TRC 116
CP=VPHI*1/WH TRC 117
F1=CP*CP-2.*((VPWWH)*CP-VPH)+HH+PVPV-RT*RT TRC 118
IF(FI.GT.0.)GOTO 260 TRC 119

INTSEC=INTSEC+l rRC 120
ROUT=CP TRC 121
LRO?2 TRC 122

260 IFIINTSEC.GE.2)GOTO 300 TRC 123
CM=VPH/WH TRC 124
F1=CM*Ct4-2.**CP*VPW+PVPV-RB*RB TRC 125

IF(FI.Gr.0.)G0TO 350 149 TRC 126



LRINCM TRC 127
LRc TRC 128

TRC 130
350 RIN=PINF 

TRC 131ROUTx-:PINF 
TRC 132LRI=0 
TRC 133LRO*0 
TRC 134360 RETURN 
TRC 135END 
TIRC 136L- 
TRC 137C 
TRC 138END 
TRC 139

ISO


